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While there is a clear link between riparian forests and freshwater organisms, floodplain 
forests are seldom investigated due to difficulties in sampling structurally complex and 
periodically inundated habitat. This lack of research has led to large knowledge gaps that hinder 
our understanding of the conservation value of these unique, complex ecosystems for inland 
fisheries. Therefore, I aimed to determine how bottomland hardwood forests influence fish 
taxonomic, functional diversity and food web structure. I hypothesized that fish taxonomic and 
functional diversity are driven by forest complexity and the aquatic food web structure is driven 
by terrestrial carbon sources, specifically forest vegetation. Results indicated a higher taxonomic 
diversity and functional richness in the floodplain forest and that this forest type provides 
thermal refugia for fish assemblages. Contrary to my prediction, phytomicrobenthos were a 
primary carbon production source driving some or all of the aquatic food web in a complex 
floodplain–river system.  
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ROLE OF FLOODPLAIN FORESTS IN SUPPORTING FISH TAXONOMIC AND 
FUNCTIONAL DIVERSITY 
Abstract 
Forested floodplains are a complex mosaic of periodically flooded aquatic habitats with 
variable levels of connectivity. While there is a clear link between riparian forests and freshwater 
organisms, floodplain forests are seldom investigated due to difficulties in sampling structurally 
complex and periodically inundated habitat. Therefore, I aimed to determine how bottomland 
hardwood forests influence fish taxonomic and functional diversity. To accomplish this goal, I: 
(1) assessed species taxonomic diversity (i.e., species richness and composition) and functional 
diversity (i.e., standard length and body shape), and (2) quantified habitat complexity. I 
hypothesized that fish taxonomic and functional diversity are driven by forest complexity. 
Overall, a total of 51 fish species (1,487 individuals) were captured. Ordination analyses per 
hydrological period revealed consistently different assemblages in floodplain forest sites 
compared to river channel sites, yet periodic connectivity facilitated longitudinal movement of 
fishes across the floodplain during the annual flood. Floodplain forests also contained a higher 
taxonomic diversity and functional richness than the river channel. Regression models showed 
that fish standard length was negatively affected by increased water surface temperature in the 
river channel. However, water surface temperature had no effect on fish standard length in the 
floodplain forest. Interestingly, the water surface temperature in floodplain forest sites was 
cooler than in river channel sites, even in the warmer months of the year, which suggests that 
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floodplain forests act as a thermal refugia for fish. By linking floodplain forests to greater fish 
taxonomic and functional diversity, this research further emphasizes the importance of floodplain 
forests to inland fisheries conservation.  
Introduction 
River floodplains are a mosaic of periodically flooded aquatic habitats with variable 
levels of connectivity. This ecotone is often referred to as an aquatic–terrestrial transition zone. 
Floodplains serve as a linkage between aquatic and terrestrial systems, especially in large 
rivers. Lateral connectivity between river channels and their floodplain creates communities 
supporting aquatic organisms and a pulsing littoral edge that recycles nutrients back into the 
system. As such, these systems are highly productive (Junk et al. 1989).  
 Multiple lines of evidence from temperate to tropical rivers demonstrate that floodplain 
systems are highly productive habitats. Surveys in a restored wetland along the upper Missouri 
River revealed greater fish species diversity in the wetland as a result of increased flooding 
(Theiling et al. 1999). Miranda (2005) also showed that fish assemblage structure across 
multiple oxbow lakes along the Mississippi River were correlated to increased flooding and 
connectivity with the river channel. Excessive flooding at the confluence of the Ohio and 
Mississippi Rivers in 2011 allowed researchers to study fish assemblages within an agricultural 
floodplain and connected river channel. Results showed greater species diversity, relative 
abundance, and growth in the floodplain habitat (Phelps et al. 2015). Additionally, research in 
the Amazon River floodplain revealed a greater fish species richness in vegetated areas 
compared to open water. Furthermore, spatial patterns of fish species diversity and composition 
were shown to be strongly correlated with forest cover (Arantes et al. 2018). Research in a 
forested wetland along the fringe of an oxbow lake in the Mississippi Alluvial Valley (MAV) 
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also showed greater species richness within a flooded forest versus open water (Andrews et al. 
2015).  
While there is a clear link between riparian forests and freshwater biodiversity (Baxter 
et al. 2005; Arantes et al. 2018; Lo et al. 2020), floodplain forests are seldom investigated due 
to difficulties in sampling structurally complex and seasonally inundated habitat (Baker and 
Killgore 1994; Andrews et al. 2015). Knowledge gaps remain that need to be assessed to further 
understand the ecology of these unique, complex systems and their conservation value for 
inland fisheries. 
In the Southeastern United States of America (U.S), bottomland hardwood forests serve 
as an important transitional habitat between aquatic and terrestrial systems (Messina and 
Conner 1998). To date, a few studies on fishes have demonstrated the influence of bottomland 
hardwood forests on fish diversity and unique species compositions (Baker and Kilgore 1994; 
Adams et al. 2007; Andrews et al. 2015).  
The goal for this research was to identify how bottomland hardwood forests influence 
fish taxonomic and functional diversity. To accomplish this goal, I: (1) assessed species 
taxonomic diversity (i.e., species richness and composition) and functional diversity (i.e., 
standard length and body shape), and (2) quantified habitat complexity. Body size can affect an 
organism´s physiology and biotic interactions (i.e., competition and predator–prey relationships) 
and define its ecological niche (Brucet et al. 2018). Thus, changes in body size can influence the 
structure of aquatic communities. I hypothesized that fish taxonomic and functional diversity are 
driven by forest complexity. I also predicted that fish taxonomic and functional diversity are 
positively influenced by environmental predictor variables associated to forest structure and 
water quality (Table 1). I expected habitat complexity to be the driving factor due to the 
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expansive, complex floodplain forest habitat surrounding the river channel, which can act as an 
environmental filter on aquatic communities (Correa et al. 2008; Tonn et al. 2016). 
Methods 
Study Area 
The Pascagoula River, Mississippi, is the last unregulated, large river in the contiguous 
U.S.  (Dynesius and Nilsson 1994; Heise et al. 2005). It is formed by the confluence of the Leaf 
River and Chickasawhay River and empties out into the Gulf of Mexico. Two reaches within a 
100 km long river stretch were identified as upper reach and lower reach. The edge of the lower 
reach coincides with the ecotone of the forested floodplain and the saltmarsh habitat. Each reach 
was 50 kilometers (km) long and contains five sampling sites at 10 km intervals. Every 
sampling site had a length of 1 km, which created feasible access to the floodplain (Fig. 1). 
Within each sampling site, the forested floodplain and the littoral zone of the main river channel 
were sampled, (thereafter referred as habitats: floodplain forest or main river channel). Photo 
templates of sampling location within each site were created to show site characteristics and the 
distribution of the fishing gear (Fig. 2–11).   
Field Data Collection 
Each sampling site was sampled for two days during the low hydrological period 
(May–Sep 2019) and the high hydrological period (Jan–Mar 2020). During each sampling day, 
each site was sampled for water quality, water depth, and fish assemblages (i.e., species 
composition, relative abundance, and standard length). Due to logistic constraints, the forested 
floodplain was sampled at all 10 sampling sites while the river channel was sampled at six of 
these sites (Fig. 2, 4, 6, 7, 9, and 11). Due to the COVID–19 pandemic, Site–6 (floodplain, 
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upper reach), Site–13 (river channel, lower reach), Site–14 (river channel, upper reach), and 
Site–16 (river channel, upper reach) were not sampled during the high hydrological period. 
Water quality data were collected with a YSI Professional Plus unit and a HACH 
Portable Turbidimeter. I measured surface and bottom temperature and dissolved oxygen at 
four different locations within each site where fish were captured and calculated an average per 
site. Surface and bottom conductivity, pH, and nitrate were measured at one location per site. I 
recorded three water depths at each fish capture location with a custom–built PVC pipe 
measuring stick and calculated an average per site. To assess inundation length, I recorded 
water depth changes at each floodplain site throughout the year with In–Situ Inc. Rugged 
TROLL 200 pressure gauges coupled with In–Situ Inc. Baro TROLL pressure gauges deployed 
above the water level, which serve as reference gauges. Connectivity (i.e., permanent or 
periodical) between floodplain forest sites and the river channel was determined by surveying 
the land and using ArcGIS. Floodplain forest sites not connected to the river channel during the 
low hydrological period were considered periodically connected. 
Samples of adult fish were collected at dawn using a combination of experimental gill 
nets, miniature fyke nets, and minnow traps (Lubinski et al. 2008). Within each site, I randomly 
deployed four gill nets (for 6 hours beginning at sunrise just below the surface of the water), 
four miniature fyke nets (for 6 hours beginning at sunrise near the water’s edge), and eight 
minnow traps (overnight). Each gill net was paired with a fyke net and each pair was randomly 
placed at least 100 m apart (Fig. 2–11). Two minnow traps were placed with each gill net and 
fyke net pair. Gill nets were set out as strike nets and checked regularly every two to three–
hours to reduce predation upon entangled fish (Kaller et al. 2013). Each gill net was 38 m long 
with five equal length panels of different mesh sizes (2.54, 3.81, 5.08, 6.35, and 7.62 cm 
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stretched mesh size). The miniature fyke nets had a 4.6 x 0.6 m lead, a frame constructed of two 
metal 0.6 x 1.2 m rectangles, and a 3 mm ace type nylon netting coated with green latex. 
Custom–built minnow traps designed for areas with flowing water were used in the river 
channel along with standard, torpedo shaped minnow traps that were used in both the river 
channel and forested floodplain. Fish assemblages were sampled inside the floodplain forest in 
both hydrological periods. Sampling in oxbow lakes was focused in the forested areas of the 
lakes (Fig. 8–10). During the high hydrological period, sampling shifted to areas farther into the 
forest that remained dry during the previous low hydrological period. Caught fish were 
identified to species level and measured for standard length (mm) and weight (g).  
Floodplain forest vegetation was sampled within a 0.1–hectare circular plot per habitat 
(i.e., on the river’s natural levee and within the forested floodplain) and sampling site during the 
low hydrological period when the floodplain was not inundated. At the center of each site, the 
first vegetation plot was located at the river channel’s edge and the second vegetation plot was 
located 1.5 km (east to west direction) into the floodplain to capture the effect of elevation 
changes from the main river channel on vegetation. At each vegetation plot, plant size (diameter 
at breast height (DBH) and height), tree age, species composition, plant density (number of 
stems per 0.1 hectare), and canopy density were calculated. All vegetation within the 0.1 hectare 
with a DBH ≥ 10 cm were considered a part of the overstory. Size and stem density of midstory 
vegetation (2.5 cm to < 10 cm DBH) were measured on a randomly chosen half of the 0.1 
hectare plot, perpendicular to the river channel. The understory vegetation (< 2.5 cm DBH and 
short herbaceous plants) were sampled within a 0.25 m2 ring. The 0.25 m2 ring was placed at the 
edge of the 0.1 hectare plot at angles, 0◦, 90◦, 180◦, and 270◦ relative to the center of the plot. Size 
and age were not calculated for the understory. Canopy density was measured with a 
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densiometer at the same location of each 0.25 m2 ring. Clumps of palmetto species were counted 
within the midstory half plots due to their high frequency in the floodplain, high structural 
complexity, and their production of fleshy fruit consumed by wildlife and fish.  
Data Analyses 
Taxonomic Diversity  
To summarize species composition, first, the relative abundances of the top 10 most 
abundant species per habitat for combined hydrological periods were calculated and plotted. 
Second, the relative abundance of all species per habitat was tabulated per hydrological period. 
Then, principal coordinate analyses (PCoA), per hydrological period, were implemented to 
analyze similarities at the community level. Sites per habitat were plotted with relation to fish 
species composition and abundance and environmental variables, such as water temperature, 
dissolved oxygen (DO), and water depth. Ordination analyses were complemented with 
permutational multivariate analysis of variance (PERMANOVA) to assess statistical differences 
in fish assemblages between habitats and hydrological periods and corroborate effects of 
environmental variables (i.e., fish composition and abundance~ depth + dissolved oxygen + 
temperature + floodplain forest width + distance to Gulf of Mexico). 
Diversity indices were assessed from a landscape– to a local–scale, per hydrological 
period. Gamma (γ) diversity (i.e., regional diversity) was calculated and plotted via individual–
based rarefaction and extrapolation curves to examine differences in species diversity between 
habitats (Chao et al. 2014). Curves were created by interpolating and extrapolating abundance 
data where the average species richness from randomly drawn samples of the same number of 
individuals was plotted. To assess the compositional similarity of species between sites, beta (β) 
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diversity was calculated using an abundance–based Jaccard index described in Chao et al. 
(2005) (Eq.1).                               
Ĵabd =
ÛV̂ 
Û + V̂ − ÛV̂ 
 (Eq.1) 
Û and V̂   represent the total abundances of the shared species between two assemblages (Chao et 
al. 2005). Additionally, zeta (ζ) diversity was calculated to determine how many species were 
shared among all sites. Furthermore, alpha (α) diversity (i.e., local diversity) was assessed per 
site via exponential of Shannon entropy, and inverse of Simpson concentration diversity 
indices. Exponential of Shannon entropy represents the number of “common” species that will 
produce the same value of diversity H’, while the inverse of Simpson concentration represents 
the number of “dominant” species needed to achieve the observed value of dominance. For both 
diversity indices, higher values equal greater diversity. A Permutation t–test was implemented 
to assess differences in medians of the exponential of Shannon entropy between habitats. 
Ranked abundance curves were generated to assess differences in species abundance 
distributions (evenness) between habitats. 
Gamma (γ)–diversity and α–diversity were both calculated and plotted using the iNEXT 
and ggiNEXT packages of R (Hsieh, et al. 2016). iNEXT also returned estimates for the 
exponential of Shannon entropy and inverse of Simpson concentration. Beta (β)–diversity and 
ζ–diversity were calculated using the SpadeR and zetadiv packages of R (Chao et al. 2016). All 
diversity indices, ordination, PERMANOVA, and Permutation t–test analyses were 






I used generalized linear mixed models (GLMM) to model individual–level metrics of 
productivity, such as fish body length, in response to fine–scale site characteristics and 
hydrology within the floodplain; I included the identity of fish species and site as random 
effects. Prior to analyses, I mean centered the water quality variables to become scale-less to 
include factors with different units of measurement in the same model. A separated model was 
implemented per hydrologic period on the transformed variables (response variable: log 
transformed, predictor variables: mean centered (i.e., value - group mean/ standard deviation); 
Eq.2). 
standard length ~ habitat + mean depth + mean dissolved oxygen
+ mean surface temperature +  habitat ∗ mean depth + habitat
∗ mean dissolved oxygen + habitat ∗ mean surface temperature
+ (1|species) + (1|site) 
(Eq.2) 
Next, I implemented a Principal Component Analysis (PCA) of fish morphological traits 
obtained from a database by Villéger et al. (2010) and plotted results with convex hulls. 
Morphological traits include unitless ratios of body, caudal fin, caudal peduncle, eye, mouth, and 
pectoral fin measurements (mm) obtained from digital photographs (Table 2; Villéger et al. 
2010). Since ratios were unitless, data were not normalized. The area of the convex hull equals 
functional richness, which was supplemented with functional evenness, divergence, and 
specialization indices (Villéger et al. 2010). Functional evenness evaluates the abundance 
distribution in the functional space, defined by the morphological traits, and is constrained 
between ‘0’ and ‘1’, where values closer to ‘1’ indicate high functional evenness (Eq.3). 
𝑒𝑣𝑒𝑛𝑛𝑒𝑠𝑠 =














𝑃𝐸𝑊𝑙 equals the partial weighted evenness, 𝑙 equals a branch from the minimum spanning tree 
(MST), 𝑆 equals species. Functional divergence quantifies whether higher abundances are near 
the center of the convex hull or closer to the border and is constrained between ‘0’ and ‘1’, 
where ‘1’ indicates larger abundances near the border (Eq.4). 




Δ𝑑 equals the abundance–weighted deviance, 𝑑𝐺̅̅̅̅  equals the mean distance to the center of 
gravity (convex hull), and Δ|𝑑| equals absolute abundance–weighted deviances. Functional 
specialization is the Euclidean distance of a species to the center of the convex hull of all the 
species in the assemblage. Therefore, the more distant a species is from the center of the convex 
hull due to its morphological traits, the more specialized/unique that species is. Thus, the 
functional specialization index is the mean of all species specialization values per assemblage 
(Eq.5).   





𝑆 equals species, 𝑤 equals relative abundance, and 𝑑𝐺𝑗 equals the specialization value 
of a species. Additionally, PCA loadings were assessed to evaluate which morphological traits 
contributed to each principal component (PC). Morphological trait data and indices were 
obtained from Villeger et al. (2010) and indices were calculated in R (version 3.6.3) using the 
ape, geometry, and vegan packages in R (Jari et al. 2019; Kai et al. 2019; Paradis and Schliep 
2019). 
Lastly, an index of body size diversity was calculated per site and hydrological period 
by dividing the variance of fish standard length by the mean standard length per site. A 
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Permutation t–test was implemented in R (version 3.6.3) to assess differences in medians of 
body size diversity between habitats.  
Results 
Taxonomic Diversity 
 A total of 16 families and 51 species (1,487 individuals) were captured through both 
hydrological periods. Overall, 25 % of species were unique to the floodplain and 24 % of 
species were unique to the river channel. Notropis atherinoides (Emerald Shiner) had the 
highest relative abundance out of all captured species (13 %). However, the Emerald Shiner 
was only captured in half of the river channel sites and was not detected in floodplain forest 
sites. Notropis maculatus (Taillight Shiner) was the second most abundant fish species (13 %) 
in the study and was captured in both the floodplain and river channel habitat (Fig. 12). 
Low Hydrological Period 
A total of 15 families, 42 species and 1042 individuals of fish were captured during the 
low hydrological period (Table 3). Of 42 fish species, 32 were found within the forested 
floodplain and 31 were found within river channel sites; 26 % of fish species were unique to the 
forested floodplain while 24 % were exclusive to the river channel. The forested floodplain and 
river channel shared 21 fish species (Table 4).  
Ordination (PCoA) explained 42 % of the variation in fish assemblages and showed 
a clear distinction between floodplain forest and river channel sites based on fish species 
composition, dissolved oxygen, and water depth. These water quality variables were 
selected based on a permutation test (alpha < 0.05). Habitat type within floodplain forests 
(i.e., tributary, slough, oxbow lake, etc.) also appears to influence differences in fish 
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species composition (Fig. 13). PERMANOVA for the low hydrological period revealed 
that habitat explained 23 % of the variation in species composition (P < 0.01) but failed to 
detect statistically significant effects of environmental variables associated to water quality 
at partitioning habitats based on their fish species composition. 
Gamma (γ)–diversity described a higher species diversity in the floodplain forest than in 
the river channel in both lower (floodplain: 26, river: 16 species) and upper (floodplain: 24, 
river: 16 species) reaches (Fig. 14).  
Beta (β)–diversity values showed weak similarities between sites close in proximity 
(i.e., site–1, site–2, site3, site–4, etc.), while stronger similarities were found between 
floodplain sites farther apart (i.e., site–2 and site–4, site–3 and site–6, and site–6 and site–
9). Similarities between sites representing different habitats were also very weak (Table 5). 
Additionally, ζ–diversity showed that no species were shared among all sites.   
Both α–diversity indices per site showed higher local diversity for floodplain forest 
sites relative to river channel sites (Table 6). However, the permutation t–test (for the 
exponential of Shannon entropy) failed to detect a statistically significant difference in 
medians during the low hydrological period. When hydrological periods were combined, 
the permutation t–test (for the exponential of Shannon entropy) detected greater diversity in 
the floodplain forest than in the river channel (P = 0.0404) (Fig. 15). 
The ranked abundance curves for the low hydrological period indicate that the 
floodplain forest habitat hosts more species with similar abundances and fewer dominant 




High Hydrological Period 
A total of 14 families and 40 species (485 individuals) of fish were captured during the 
high hydrological period (Table 7). Of 40 fish species, 30 were found within the forested 
floodplain and 22 were found within river channel sites; 43 % of fish species were unique to the 
forested floodplain while 23 % were exclusive to the river channel. The forested floodplain and 
river channel shared 13 fish species (Table 8). Nine additional fish species were caught during 
this time relative to the low hydrological period (Table 9). 
Ordination (PCoA) for the high hydrological period explained 30.9 % of the 
variation in fish assemblages and also showed a clear distinction between floodplain forest 
and river channel sites. However, fewer fish species contributed to the separation of 
habitats, and habitat types within the floodplain may not influence fish species composition 
as much as during the low hydrological period. Also, water level, but not dissolved oxygen 
(like during the low period), influenced habitat separation (Fig. 17). These water quality 
variables were selected based on a permutation test (alpha < 0.05). PERMANOVA for the 
high hydrological period showed that habitat (P < 0.01) and distance from the Gulf of 
Mexico (P = 0.02) explained 37 % of the variation in species composition; however, no 
environmental variables were statistically significant in partitioning species.  
Gamma (γ)–diversity during the high hydrological period also described a higher 
species diversity in the floodplain forest than the river channel in both lower (floodplain: 22, 
river: 17 species) and upper (floodplain: 24, river: 9 species) reaches (Fig. 18). 
Beta (β)–diversity values show no strong similarities between any site (Table 10). 
Additionally, ζ–diversity showed that no species were shared among all sites during the 
high hydrological period as well.  
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Both α–diversity indices per site also showed higher diversity for forested 
floodplain sites relative to river channel sites (Table 11). However, the permutation t–test 
(for the exponential of Shannon entropy) failed to detect a statistically significant 
difference in medians for the high hydrological period.  
The ranked abundance curves for the high hydrological period also indicate that the 
floodplain forest habitat hosts more species with similar abundances and fewer dominant 
species (higher species evenness) compared to the river channel (Fig. 19).  
Functional Diversity 
During the low hydrological period, the regression model revealed a decrease in 
standard length with mean dissolved oxygen irrespective of habitat (Fig. 20), and a habitat–
dependent effect of mean surface water temperature; standard length decreased in the river 
channel as the water temperature increased, while in the floodplain forest temperature 
remained relative constant and had no noticeable effect on standard length (Table 12, Fig. 
21). During the high hydrological period, mean dissolved oxygen and surface water 
temperature were greatly variable within habitats and did not have an effect of standard 
length.  
Low Hydrological Period 
Ordination (PCA) for the low hydrological period revealed that the floodplain forest 
had a greater functional richness (larger convex hull area; Fig. 22) and functional 
specialization (floodplain forest = 3.24, river channel = 2.65). However, the river channel 
contained a slightly greater functional evenness (floodplain forest = 0.61, river channel= 
0.63) and equal functional divergence (floodplain forest = 0.85, river channel = 0.85). 
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Based on loadings for the floodplain forest, traits related to swimming performance, 
position in the water column, and prey capture such as pectoral fin size, body elongation, 
and maxillary length strongly contributed to PCA Axis–1. Traits related to swimming 
performance, position in the water column, and prey detection such as eye position, eye 
size, and body lateral shape strongly contributed to PCA Axis–2 (Table 2). In the river 
channel, traits related to swimming performance, position in the water column, and prey 
capture such as pectoral fin size, body lateral shape, body elongation, eye position, and 
maxillary length strongly contributed to PCA Axis–1. Traits, related to swimming 
performance, prey capture, and prey detection such as pectoral fin position, oral gape 
position, and eye size strongly contributed to PCA Axis–2 (Table 2). The permutation t–
test failed to detect statistically significant difference in medians for body size diversity 
between habitats for the low hydrological period.  
High Hydrological Period 
Ordination (PCA) for the high hydrological period revealed that the floodplain 
forest had a greater functional richness (larger area of convex hull) (Fig. 23) and functional 
divergence (floodplain forest = 0.81, river channel = 0.75). However, the river channel 
contained a greater functional specialization (floodplain forest = 3.25, river channel = 3.28) 
and equal functional evenness (floodplain forest = 0.60, river channel = 0.60). Based on 
loadings for the floodplain forest, traits related to swimming performance, position in the 
water column, and prey capture such as pectoral fin size, body elongation, and maxillary 
length strongly contributed to PCA Axis–1. Traits related to swimming performance, 
position in the water column, and prey detection such as eye position, eyes size, and body 
lateral shape strongly contributed to PCA Axis–2 (Table 2). In the river channel, traits 
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related to swimming performance, position in the water column, and prey capture such as 
pectoral fin size, body lateral shape, body elongation, eye position, and maxillary length 
strongly contributed to PCA Axis–1. Traits, related to swimming performance, prey 
capture, and prey detection such as pectoral fin position, oral gape position, and eye size 
strongly contributed to PCA Axis–2 (Table 2). 
The permutation t–test detected statistically significant difference in medians for body 
size diversity between habitats for the high hydrological period. The river channel contained a 
higher body size diversity than the floodplain forest (P–value= 0.01; Fig. 24).  
Discussion 
River–floodplain systems are among the most productive ecosystems in the world 
(Tockner and Stanford 2002; Phelps et al. 2015). By linking floodplain forests to greater fish 
taxonomic and functional diversity, this research further emphasizes the importance of floodplain 
forests to inland fisheries conservation.  
Taxonomic Diversity 
Estimating relative abundance is an important first step to determine differences in 
species assemblages between habitats. Relative abundances per habitat demonstrated that: 1) 
compared to the river channel, there can be different and much fewer dominant fish species 
within floodplain forests leading to multiple common species and therefore a greater diversity, 
and 2) floodplain forests, in the Southeastern U.S., provide important resources (i.e., habitat and 
prey) for sport fish such as Micropterus salmoides (Largemouth Bass), commercially exploited 
catfishes such as Pylodictus olivaris (Flathead Catfish), Ictalurus furcatus (Blue Catfish), and 
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Ictalurus punctatus (Channel Catfish), and relic species such as Lepisosteus osseus (Longnose 
Gar), Lepisosteus oculatus (Spotted Gar), and Amia calva (Bowfin).  
Floodplain forests support distinct fish assemblages to those observed in the river 
channel, and those assemblages associated to the forested floodplain can vary among 
floodplain habitat types due to differences in dissolved oxygen, depth, and connectivity 
(i.e., oxbow lakes, sloughs, and tributaries). Multivariate analyses (i.e., PERMANOVA), 
however, failed to detect a statistically significant effect of water quality on fish 
assemblage structure, likely because the small sample size (i.e., 10 floodplain and 6 river 
channel sites in the low hydrological period, and 9 floodplain and 3 river channel sites in 
the high hydrological period) does not provide sufficient replication per habitat types 
within the floodplain. Greater sample sizes that account for such variability would help 
disentangle the effects of dissolved oxygen and water depth on how fish use forested 
floodplain habitats throughout the year.  
During the low hydrological period, ordination analysis of fish abundance data identified 
species such as the Minytrema melanops (Spotted Sucker) and Bowfin to be strongly correlated 
with sloughs, which are semi–permanently flooded forests with a dense canopy. In contrast, 
species such as the Dorosoma cepedianum (Gizzard Shad) and Pomoxis annularis (White 
Crappie) were strongly correlated with oxbow lakes, which are associated to less extensive 
floodplain forests and also have a more open canopy relative to the sloughs (Fig. 13). 
Interestingly, the ordination from the high hydrological period (Fig. 17) suggests that Longnose 
Gar and Spotted Gar may prefer different habitats. Longnose Gar were strongly correlated with 
river channel habitat, while the Spotted Gar were strongly correlated with floodplain forest 
habitat. This trend supports results from Robertson et al. (2008) who found strong habitat 
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partitioning between these two gar species and showed that Spotted Gar were more abundant in 
the floodplain versus the river channel, which contained a greater abundance of Longnose Gar. 
Findings of distinct assemblages revealed by the ordinations also support those from research in 
the Arkansas River floodplain during a low water period that depicted differences in fish 
assemblages in the floodplain based on connectivity with the river channel and showed the value 
of bald cypress wetlands in harboring unique and rare species (Adams et al. 2007). Correa et al. 
(2008) also found unique fish species in flooded forests not found in adjacent floating meadow 
habitat in Amazonian floodplains. 
Multiple lines of evidence at different spatial scales point to a greater taxonomic diversity 
in the floodplain forest. Despite differences in abundances between hydrological periods, species 
diversity (γ–diversity and α–diversity) and abundance distributions (evenness) remained higher 
in the floodplain forest year–round. This greater taxonomic diversity and evenness suggests a 
greater productivity in the floodplain forest compared to the river channel (Jude and Pappas 
1992; Waide et al. 1999; Brun et al. 2019). β–diversity results demonstrated a strong species 
turnover rate between floodplain forest sites and ζ–diversity showed that no species were shared 
among all sampling sites, further emphasizing differences in fish species composition and 
abundance between river channel and floodplain forest habitats and among floodplain habitat 
types. Even though the permutation t–tests only detected a statistically significant difference in 
medians of α–diversity (exponential of Shannon entropy) for combined hydrological periods, 
evidence of greater year–round floodplain forest diversity, and thereby greater productivity, is 
shown.  
Despite the general trend in greater fish diversity in floodplain forest habitat, two river 
channel sites (11 and 12; Fig. 2, 4) had diversity estimates comparable to those observed in 
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floodplain sites during both hydrological periods. Such similarities could be explained by the 
high connectivity of these sites to backwater areas and their proximity to the Gulf of Mexico. 
Several estuarine–associated species were caught at these sites including Mugil cephalus (Striped 
Mullet), Trinectes maculatus (Hogchokers), and Morone saxatilis (Striped Bass).  
One river channel site (site–13), during the low hydrological, contained the highest 
abundance compared to all other sites through both periods. This was due to a large school of 
Emerald Shiners caught in one miniature fyke net. However, site–14 in the river channel, which 
is only 10 kilometers upriver, produced the lowest number of caught individuals (two individuals 
total) compared to all other sites through both periods. The extremely low abundance sampled at 
this site cannot be explained. Water quality was similar to other river channel sites, and fish were 
seen all throughout the site. 
The vegetation of site–9, an oxbow lake in the floodplain of the upper reach (Fig. 10), 
appeared to be an anomaly compared to all other floodplain forest sites. Dense emergent and 
submersed wetland vegetation (excluding woody vegetation) was found in all sampled areas of 
the oxbow lake, while all other floodplain forest sites contained little to no emergent or 
submersed wetland vegetation (excluding woody vegetation). This may have assisted in the 
separation of site–9 from other oxbows lakes in the PCoA plot during the low hydrological 
period (i.e., different habitat structure, additional food source, and increased DO). In addition, 
the close proximity of site–9 and site–10 (pond) in the PCoA plot during the low hydrological 
period may be explained by similar minimum depths (Fig. 13) and the presence of Alternanthera 





In addition to its effects on aquatic community structure (i.e., predator–prey linkages, 
competition, trophic niches, and metabolic rates; Jennings et al. 2001; Woodward et al. 2005; 
Teixeira–De Mello et al. 2009; Brucet et al. 2018), body size diversity is an indicator of habitat 
productivity, food web health, and overfishing (Harvey et al. 2006). The relatively constant 
standard length of fish within the floodplain forest through the year, and the significant decrease 
in standard length within the river channel, as a result of increased surface water temperature, 
during the low hydrological period demonstrates that floodplain forests act as a thermal refugia 
for fish assemblages. The range of surface water temperatures in the floodplain forest, during the 
low hydrological period, indicates a much cooler habitat compared to the river channel (Fig. 25). 
Additionally, water quality measurements taken in the floodplain forest indicate an overall 
healthy habitat for aquatic communities throughout the year (Table 13). Similarly, Ilha et al. 
(2018) concluded that body size of fishes in Southeastern Amazonia was reduced in warmer 
streams impacted by deforestation. With increasing temperatures from climate change, 
floodplain forests are vital to mitigate the effects of warmer water temperature on body size 
diversity and aquatic community structure.  
Despite body size decreasing with warmer surface water temperatures, permutation 
t–tests showed that the river channel had higher body size diversity. Such difference is 
most likely driven by the abundant and enormous Longnose Gar captured within the river 
channel (length in floodplain forest = 210–650 mm, length in river channel = 375–1175 
mm).  A quantile regression analysis that can accommodate random effects (i.e., species) is 
needed to further analyze how such large variation in water quality during the high 
hydrological period affects fish of different size classes. 
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 Taxonomic diversity represents species richness, which is driven both by the productivity 
of the system and the regional species pool, and as such is only one aspect of biodiversity. 
Functional diversity, in this study represented by morphological traits related to body shape, 
swimming performance and foraging behavior, provide information on another important aspect 
of biodiversity: species performance and their contribution to ecosystem functioning (Weiher 
2010). In addition to the taxonomic diversity analyses, ordination analyses of morphometric data 
displayed a greater functional richness in the floodplain forest during both hydrological periods. 
A greater functional richness indicates that the fish assemblage in the floodplain forest occupies 
a larger niche space than the assemblage in the river channel. Furthermore, the floodplain forest 
contained a greater functional specialization during the low hydrological period. This indicates 
that the floodplain forest acts as an environmental filter that contains a greater number of fish 
species that are occupying more unique niche spaces than fishes in the river channel. However, 
the river channel contained a greater functional specialization during the high hydrological 
period. This indicates that fast flowing water conditions in the river channel during the flooding 
period may filter species with phenotypes associated to swimming performance. Taken together, 
these results suggest that fish species in the floodplain forest may have evolved greater 
phenotypic specialization to live in the forested wetland habitat versus the river channel. 
Similarly, Arantes et al. (2018, 2019) concluded that functional specialization (therein referred as 
functional dispersion) of fish assemblages increased with forest cover. Species packing, as 
indicated by the narrower and more specialized niches of fish species inhabiting floodplain 
forests, is facilitated by productive environments where strong species interactions mediate 
community structure and where the phenological traits of species coevolve to match those of 
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their environment (McPeek 2017). These results further demonstrate the ability of floodplain 
forests to support taxonomically and functionally rich and unique fish assemblages.  
Forest vegetation data is still currently being collected and analyzed. To further 
explore the influences of forest vegetation on taxonomical and functional diversity, indices 
such as canopy density, vegetation diversity, forest complexity and mean DBH need to be 
included in PERMANOVA models.  
Results of this study have also highlighted differences between hydrological periods. 
Abundance of individuals per site and similarities across sites were much lower during the high 
water period. Periodical flooding extends available habitat for fish to occupy (Phelps et al. 2015) 
through lateral and longitudinal connectivity. Thus, fish are no longer restricted to a particular 
water body and transient species can move freely into unoccupied habitat within the floodplain, 
which makes capturing fish even more difficult. Connectivity between habitat types within the 
floodplain may explain the apparent homogenization of floodplain sites during the high 
hydrological period detected by the PCoA ordination (Fig. 17).  
The overall lack of investigations on aquatic communities in bottomland hardwood 
forests makes it difficult to compare the results of this study with fish diversity results of similar 
studies. The species richness found in the present study is comparable to that of two studies 
using a similar multi–gear sampling approach. Adams et al. (2007) captured 20 % more species 
(64 species and 16 families), within floodplain habitat of the Arkansas River using seine nets, 
miniature fyke nets, and experimental gill nets. In turn, Slack (1996) captured 37 % less species 
(32 fish species) than my study within a low order stream in the floodplain of the Pascagoula 
River Drainage using fyke nets, small wire fish traps, and eel pots. Other studies using single 
gear reported lower species richness. Winemiller et al. (2000) sampled the fringe of oxbow lakes 
 
23 
with gill nets and seine nets and captured up to 9 species via gill nets and up to 19 species 
seining; total species richness for the sampled oxbow lakes was not reported. Miranda (2005) 
captured 31 species by boat electrofishing along the fringes of 11 oxbow lakes within the 
Mississippi River floodplain. Additionally, a review comparing historical (1976–2006) and 
contemporary data (2006–2019) from museum collections within the Pascagoula River channel 
showed a transition in dominant fish species after 2006. The results showed Hybognathus 
nuchalis (Mississippi Silvery Minnow), Cyprinella venusta (Blacktail Shiner), Anchoa mitchilli 
(Bay Anchovy), Notropis atherinoides (Emerald Shiner), and Notropis texanus (Weed Shiner) to 
be the most dominate fish species in the contemporary fish assemblage. Sampling gear varied but 
boat electrofishing and seining were primarily used (Barrett 2020). However, the study did not 
incorporate floodplain habitat. My results contrast with those of Barrett (2020) by portraying 
different dominant species captured in the river channel (Fig. 12) and emphasize the importance 
of floodplain forests to fish diversity. As a large, free flowing river system with expansive 
bottomland hardwood forests, the Pascagoula River has the capacity to support a large fish 
species diversity. 
A standardized multi gear approach is key to effectively sample forested wetlands. In 
addition to this research, Adams et al. (2007) and Slack (1996) both captured high species 
diversity and abundances using multiple gear types (i.e., seine nets, miniature fyke nets, fyke 
nets, experimental gill nets, small wire fish traps, and eel pots). Due to the dense structural 
complexity and varying depths found within forested wetlands, electroshocking and seining are 
not recommend tools for standardized sampling. To adequately sample fish of all body sizes, 
experimental gill nets, miniature fyke nets, and minnow traps or fine mesh fish traps are 
recommended sampling tools that have proven to be effective in dense, complex flooded forests.  
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Major threats to floodplain forests and their conservation value to inland fisheries include 
climate change and anthropogenic modifications such as, dams, stream channelization, 
embankments, and deforestation (Paillex et al. 2009). In the Southeastern U.S., climate change 
continues to reduce precipitation and increase air temperature. These changes can lead to reduced 
stream flow, warmer water temperature, frequent and severe droughts, and saltwater intrusion 
into freshwater systems due to sea level rise (Sun et al. 2013). Consequently, many of these 
impacts will likely disrupt river–floodplain connectivity. Effects of climate change could also 
negatively impact forests and their water use efficiency. Evapotranspiration, an important 
component in water storage of forested wetlands in the Southeastern U.S. (Amatya and Trettin 
2007), is influenced by forest vegetation. Warmer air temperatures from excess ozone reduces 
stomata control of tree leaves, thus exacerbating water loss and associated droughts in the 
forested wetlands (Sun et al. 2012). Furthermore, saltwater intrusion can lead to a transformation 
from coastal forests to salt marshes resulting in ghost forests (dead trees) (Smart et al. 2020) and 
thus a reduction in habitat complexity. Disruptions in river–floodplain connectivity coupled with 
wetland water loss and a transition in plant communities will likely be detrimental to floodplain 
productivity and fish diversity (Tockner et al. 1999; Amoros and Bornette 2002; Aarts et al. 
2004; Lasne and Laffaille 2007; King et al. 2009). 
Dams, stream channelization, and embankments not only disrupt lateral connectivity, but 
longitudinal connectivity as well. These anthropogenic modifications have led to extirpation or 
imperilment of diadromous, potamodromous, obligate riverine, and flood dependent fish species 
in the temperate new world (Pringle et al. 2000). Additional ecological impacts include altered 
thermal regimes, hypoxic stress, eutrophication or oligotrophication, increased pollution, greater 
erosion, and therefore, shifts in biodiversity (Winton et al. 2019). Notably, there is a current 
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proposal to dam the Pascagoula River (i.e., the Pascagoula River Drought Resiliency Project) 
which intends to create two connected impoundments on key tributaries: Big Cedar Creek and 
Little Cedar Creek (a tributary of Big Cedar Creek). The U.S. Army Corps of Engineers 
(USACE) held a public scoping meeting on the proposed impoundment project in 2017 and an 
Environmental Impact Statement (EIS) has been initiated (USACE 2017). These potential 
impoundments may pose a risk to Striped Bass in the Pascagoula River. The discharge of 
coldwater from the two tributaries into the Pascagoula River forms the only thermal refugia for 
Striped Bass in the entire Pascagoula River Drainage (Jackson et al. 2002). Additionally, the  
Percina aurora (Pearl Darter) was extirpated from the adjacent Pearl River Drainage due to 
altered hydrology and habitat degradation from dams. Similar problems would likely arise in the 
Pascagoula River (Clark et al. 2018). 
A majority of bottomland hardwood forest tracts are privately owned in the Southern 
U.S. and large tracts of forest have been historically degraded and converted to agricultural land 
(Kellison and Young 1997). Recent studies have shown a clear link between riparian forests and 
increased fish diversity and productivity (Baxter et al. 2005; Arantes et al. 2018, 2019; Lo et al. 
2020). Additionally, shifts in aquatic communities toward autochthonous resource–dependent 
species were linked to deforestation (Arantes et al. 2018, 2019). Furthermore, deforestation can 
cause channel narrowing, reduce instream and floodplain aquatic habitat, degrade ecosystem 
processing and recycling of organic matter and nutrients, increase water temperature, and 
decrease processing of pollutants (Junk et al. 1989; Sweeney et al. 2004; Ilha et al. 2018). These 
processes, alone or in combination, would decrease fish diversity and productivity. The 
conservation and restoration of continuous tracts of functional bottomland hardwood forests in 
the Southern U.S. is pivotal to provide habitat and restore fish productivity, and diversity.  
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Fortunately, many areas within the Pascagoula River Drainage have become protected 
over time. Protected areas within the drainage include six wildlife management areas (Ward 
Bayou, Pascagoula, Red Creek, Leaf River, Mason Creek, and Chickasawhay), the Desoto 
National Forest, the Mississippi Sandhill Crane National Wildlife Refuge, the Pascagoula River 
Marsh Coastal Preserve, and Nature Conservancy lands. With a large fish diversity and evidence 
of a thermal refugia provided by the floodplain forest, continued protection of this key ecosystem 
would be very beneficial to the aquatic community it supports. In addition, many large rivers in 
the U.S. have been disconnected from their floodplains. Restoring hydraulic connectivity 

















Table 1 Environmental predictor variables associated to forest structure and aquatic habitat 
1 Forested floodplain width (ArcGIS) 
2 Vegetation diversity 
3 Canopy density 
4 Forest stand complexity (DBH x number of stems) 
5 Mean DBH 
6 Connectivity with main river channel 
7 Inundation length 
8 Water quality parameters 
9 Habitat 
10 Proximity to the Gulf of Mexico (ArcGIS) 
List of predictor variables that were measured to determine their influence on aquatic food webs. 
Water quality parameters include dissolved oxygen, temperature, pH, conductivity, nitrate, and 
turbidity. Habitat was identified as forested floodplain or main river channel. Species diversity 
was expected to increase closer to Gulf of Mexico due to the influence of estuarine fish species. 
Table 2 List of morphological traits used to assess functional diversity 
Component Functional traits Measure Relevance 




Prey capture Oral gape position 𝑀𝑜𝑢𝑡ℎ 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛
ℎ𝑒𝑎𝑑 𝑑𝑒𝑝𝑡ℎ
 
Feeding position in water column 
Maxillary length 𝑀𝑎𝑥𝑖𝑙𝑙𝑎𝑟𝑦 𝑗𝑎𝑤 𝑙𝑒𝑛𝑔𝑡ℎ
ℎ𝑒𝑎𝑑 𝑑𝑒𝑝𝑡ℎ
 
Size and strength of jaw 
Water column position Eye position 𝐸𝑦𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛
ℎ𝑒𝑎𝑑 𝑑𝑒𝑝𝑡ℎ
 
Position of fish and/or its prey in water column 
Body elongation 𝐵𝑜𝑑𝑦 𝑙𝑒𝑛𝑔𝑡ℎ
𝑏𝑜𝑑𝑦 𝑑𝑒𝑝𝑡ℎ
 
Position of fish and/or its prey in water column 
Swimming Body lateral shape 𝐻𝑒𝑎𝑑 𝑑𝑒𝑝𝑡ℎ
𝑏𝑜𝑑𝑦 𝑑𝑒𝑝𝑡ℎ
 
Relative depth of head compared to body 
Pectoral fin position 𝑃𝑒𝑐𝑡𝑜𝑟𝑎𝑙 𝑓𝑖𝑛 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛
𝑏𝑜𝑑𝑦 𝑑𝑒𝑝𝑡ℎ
 
Pectoral fin use for maneuverability 
Pectoral fin size 𝑃𝑒𝑐𝑡𝑜𝑟𝑎𝑙 𝑓𝑖𝑛 𝑙𝑒𝑛𝑔𝑡ℎ
𝑏𝑜𝑑𝑦 𝑙𝑒𝑛𝑔𝑡ℎ
 
Pectoral fin use for propulsion 





Table 3 Relative abundance, expressed as a percentage of all individuals caught per habitat,  
of fish species during the low hydrological period 




Hogchoker 0.0 0.2 
Amiidae   
Amia calva Bowfin 8.5 0.2 
Atherinopsidae  
Labidesthes sicculus Brook Silverside 5.2 0.0 
Catostomidae  
Moxostoma poecilurum Blacktail Redhorse 1.0 0.7 
 Carpiodes velifer Highfin Carpsucker 1.2 0.9 
 Ictiobus bubalus Smallmouth Buffalo 0.5 3.0 
 Cycleptus meridionalis Southeastern Blue Sucker 0.0 0.7 
 Minytrema melanops Spotted Sucker 7.5 1.6 
Centrarchidae  
Pomoxis nigromaculatus Back Crappie 0.2 0.0 
  Lepomis macrochirus Bluegill 0.7 0.2 
 Lepomis marginatus Dollar Sunfish 0.2 0.5 
 Micropterus salmoides Largemouth Bass 5.7 2.3 
 Lepomis megalotis Longear Sunfish 0.0 0.2 
 Lepomis microlophus Redear Sunfish 2.3 2.0 
 Lepomis miniatus Redspotted Sunfish 0.3 0.0 
 Lepomis gulosus Warmouth 5.5 0.5 
 Pomoxis annularis White Crappie 1.7 0.2 
Clupeidae  
Dorosoma cepedianum Gizzard Shad 11.0 1.4 




Blacktail Shiner 0.0 10.4 
 Cyprinus carpio Common Carp 0.0 0.2 
 Notropis atherinoides Emerald Shiner 0.0 44.4 
 Ctenopharyngodon idella Grass Carp 0.0 0.2 
 Hybognathus nuchalis Mississippi Silvery 
Minnow 
0.3 1.4 
 Opsopoeodus emiliae Pugnose Minnow 7.5 5.0 
 Notropis maculatus Taillight Shiner 20.3 13.2 
Esocidae  
Esox niger Chain Pickerel 2.2 0.0 
Fundulidae  
Fundulus notti Bayou Topminnow 0.5 0.0 
 Fundulus olivaceus Black Spotted Topminnow 0.5 2.3 
Ictaluridae  
Ameiurus melas Black Bullhead 0.2 0.0 
 Ictalurus furcatus Blue Catfish 0.0 1.1 
 Ameirus nebulosus Brown Bullhead 0.7 0.0 
 Ictalurus punctatus Channel Catfish 1.0 1.4 
 Pylodictus olivaris Flathead Catfish 0.2 0.0 
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Table 3 continued 
Family Scientific name Common name FF % RC % 
 Ameiurus natalis Yellow Bullhead 1.3 0.0 
Lepisostidae  
Lepisosteus osseus Longnose Gar 6.3 2.3 
 Lepisosteus oculatus Spotted Gar 5.5 2.0 
Moronidae  
Morone mississippiensis Yellow Bass 0.5 0.2 
Mugilidae  
Mugil cephalus Striped Mullet 0.0 0.5 
Percidae  
Unknown Darter Spp.1 0.5 0.0 
 Percina lenticula Freckled Darter 0.0 0.2 
Poeciliidae  
Gambusia Mosquito Fish 0.5 0.0 
A total of 42 species and 1042 individuals were caught during this period. FF %: relative 
abundance of each species within the floodplain forest. RC %: relative abundance of each 
species in the river channel    
Table 4 Fish species exclusively captured in each habitat during the low hydrological period   
Floodplain forest species River channel species 
Bayou Topminnow Blacktail Shiner 
Black Bullhead Blue Catfish 
Black Crappie Common Carp 
Brook Silverside Emerald Shiner 
Brown Bullhead Freckled Darter 
Chain Pickerel Grass Carp 
Darter Spp1.  Hogchoker 
Flathead Catfish Longear Sunfish 
Mosquito Fish Southeastern Blue Sucker 
Redspotted Sunfish Striped Mullet 
Yellow Bullhead  








Table 5 β–diversity values comparing pairs of sites during the low hydrological period  
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 
 
9 10 6 8 8 5 7 5 4 4 6 4 1 2 1 
2 0.54  11 9 9 10 8 9 7 3 5 7 4 2 2 1 
3 0.56 0.57  6 9 10 6 9 7 4 5 6 4 1 2 1 
4 0.43 0.72 0.39  7 7 7 7 4 3 2 8 2 2 2 1 
5 0.43 0.43 0.46 0.41  10 5 9 6 3 4 7 3 1 2 3 
6 0.58 0.63 0.73 0.34 0.62  6 7 8 3 6 7 4 1 4 3 
7 0.28 0.64 0.31 0.62 0.39 0.45  8 5 2 6 7 4 1 4 3 
8 0.48 0.63 0.43 0.55 0.64 0.37 0.61  5 3 4 7 4 2 3 0 
9 0.46 0.48 0.48 0.12 0.58 0.74 0.43 0.18  2 5 5 3 1 5 3 
10 0.33 0.09 0.44 0.23 0.37 0.08 0.16 0.25 0.10 – 0 1 0 0 1 0 
11 0.37 0.51 0.15 0.05 0.22 0.59 0.42 0.10 0.62 0.00  7 5 2 6 5 
12 0.40 0.36 0.20 0.43 0.29 0.34 0.42 0.39 0.13 0.07 0.17  5 2 5 4 
13 0.04 0.04 0.03 0.02 0.01 0.03 0.01 0.02 0.02 0.00 0.11 0.12  2 3 1 
14 0.10 0.52 0.01 0.32 0.08 0.16 0.24 0.07 0.04 0.00 0.06 0.11 0.02  0 0 
15 0.12 0.06 0.08 0.03 0.04 0.15 0.05 0.07 0.11 0.02 0.17 0.17 0.81 0.00  4 
16 0.01 0.02 0.02 0.02 0.11 0.20 0.11 0.00 0.35 0.00 0.56 0.20 0.09 0.00 0.16  
Values above the diagonal represent the number of shared species and bottom values are the 
Jaccard abundance–based similarity index which ranges from 0–1. Values ≈ 1 indicate stronger 
similarities. Floodplain forest sites: 1–10, river channel sites: 11–16. 
Table 6 Species diversity estimates at the local scale for the low hydrological period 
Reach Habitat Site Exponential of 
Shannon entropy 




Abundance Index of body 
size diversity  
lower FF 1 10.65 9.21 14 69 97.28 
lower FF 2 7.86 5.77 14 73 127.07 
lower FF 3 11.22 8.89 16 95 124.34 
lower FF 4 8.80 7.26 11 28 58.20 
lower FF 5 9.65 5.95 15 42 128.23 
upper FF 6 8.47 6.70 14 141 157.37 
upper FF 7 8.69 8.02 10 39 73.12 
upper FF 8 10.52 8.78 13 36 53.75 
upper FF 9 4.36 2.40 11 71 197.44 
upper FF 10 4.46 4.0 5 8 67.39 
lower RC 11 6.04 3.03 16 86 329.26 
lower RC 12 10.76 8.60 15 61 83.31 
lower RC 13 1.82 1.39 7 191 106.56 
upper RC 14 2.0 2.0 2 2 112.58 
upper RC 15 4.74 3.19 10 69 71.84 
upper RC 16 6.06 5.09 8 31 164.13 
Additional diversity indices per site. Exponential of Shannon entropy represents the number of 
“common” species, inverse of Simpson concentration represents the number of “dominant” 
species. Alpha diversity is the number of species. Index of body size diversity is based on fish 
standard length. Habitat: FF: floodplain forest; RC: river channel. 
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Table 7 Relative abundance, expressed as a percentage of all individuals caught per habitat, 
of fish species during the high hydrological period 
Family name Scientific name Common Name FF % RC % 
Achiridae  
Trinectes maculatus Hogchoker 0.0 0.6 
Amiidae  
Amia calva Bowfin 5.8 0.0 
Atherinopsidae  
Labidesthes sicculus Brook Silverside 0.7 0.0 
Catostomidae  
Moxostoma poecilurum Blacktail Redhorse 0.4 0.0 
 
Erimyzon oblongus Eastern Creek Chubsucker 1.1 0.0 
 Carpiodes velifer Highfin Carpsucker 2.2 4.1 
 Ictiobus bubalus Smallmouth Buffalo 0.7 1.2 
 Minytrema melanops Spotted Sucker 17.1 3.5 
Centrarchidae  
Pomoxis nigromaculatus Black Crappie 0.7 0.0 
 Lepomis macrochirus Bluegill 1.5 0.0 
 Centrarchus macropterus Flier 0.4 0.0 
 Micropterus salmoides Largemouth Bass 6.6 0.6 
 Lepomis microlophus Redear Sunfish 2.9 0.0 
 Ambloplites ariommus Shadow Bass 0.0 0.6 
 Lepomis gulosus Warmouth 1.5 0.0 
 Pomoxis annularis White Crappie 1.1 0.0 
Clupeidae  
Dorosoma cepedianum Gizzard Shad 10.9 3.5 
 
Alosa chrysochloris Skipjack Herring 1.1 0.0 
 
Dorosoma petenense Threadfin Shad 1.1 32.4 
Cyprinidae  
Cyprinella Venusta Blacktail Shiner 0.0 0.6 
 Pimephales vigilax Bullhead Minnow 0.0 0.6 
 
Cyprinus carpio Common Carp 0.4 0.0 
 Notropis atherinoides Emerald Shiner 0.0 1.2 
 Notemigonus crysoleucas Golden Shiner 0.4 0.0 
 Notropis volucellus Mimic Shiner 0.4 1.8 
 Hybognathus nuchalis Mississippi Silvery Minnow 8.0 2.9 
 
Opsopoeodus emiliae Pugnose Minnow 0.4 0.6 
 Notropis maculatus Taillight Shiner 4.0 2.4 
 Notropis texanus Weed Shiner 0.0 7.7 
Esocidae  
Esox niger Chain Pickerel 4.0 0.0 
Fundulidae  
Fundulus olivaceus Black Spotted Topminnow 0.0 6.5 
Gambusia  
Gambusia spp. Mosquito Fish 0.0 0.6 
Ictaluridae  
Ictalurus furcatus Blue Catfish 3.6 0.6 
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Table 7 continued 
Family name Scientific name Common Name FF % RC % 
 Ameirus nebulosus Brown Bullhead 2.2 0.0 
 Ictalurus punctatus Channel Catfish 4.0 0.0 
 Ameiurus natalis Yellow Bullhead 0.7 0.0 
Lepisostidae  
Lepisosteus osseus Longnose Gar 0.4 25.3 
 Lepisosteus oculatus Spotted Gar 16.0 1.2 
Moronidae  
Morone saxatilis Striped Bass 0.0 0.6 
Mugilidae  
Mugil cephalus Striped Mullet 0.0 1.2 
A total of 40 species and 445 individuals were caught during this period. FF %: relative 
abundance of each species within the floodplain forest. RC %: relative abundance of each 
species within the river channel 
Table 8 Fish species exclusively captured in each habitat during the high hydrological 
period 
Floodplain forest  River channel   
Bowfin  Hogchoker 
Brook Silverside Shadow Bass 
Blacktail Redhorse Blacktail Shiner 
Eastern Creek Chubsucker Bullhead Minnow 
Black Crappie Emerald Shiner 
Bluegill Weed Shiner 
Flier Blackspotted Topminnow 
Redear Sunfish Mosquito Fish 
Warmouth Striped Bass 
White Crappie  
Skipjack Herring  
Common Carp  
Golden Shiner  
Chain Pickerel  
Brown Bullhead  
Channel Catfish  
Yellow Bullhead  






Table 9 Fish species exclusively captured during the high hydrological period 
Species name 









Scientific names are presented in Table 6. 
Table 10 β–diversity values comparing pairs of sites during the high hydrological period 
Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1  3 1 4 4 – 3 4 5 2 1 3 – – 0 – 
2 0.31  3 4 7 – 6 5 6 2 3 4 – – 3 – 
3 0.05 0.06  0 4 – 0 1 1 1 1 2 – – 2 – 
4 0.46 0.48 0.00  5 – 7 5 9 5 2 2 – – 2 – 
5 0.41 0.58 0.11 0.51  – 7 5 6 4 4 4 – – 4 – 
6 – – – – –  – – – – – – – – – – 
7 0.32 0.40 0.00 0.46 0.41 –  4 7 4 4 3 – – 2 – 
8 0.47 0.38 0.04 0.49 0.37 – 0.35  6 3 1 3 – – 0 – 
9 0.24 0.45 0.03 0.56 0.39 – 0.38 0.27  4 3 4 – – 2 – 
10 0.36 0.13 0.04 0.48 0.40 – 0.36 0.35 0.27  2 2 – – 3 – 
11 0.03 0.14 0.06 0.05 0.27 – 0.18 0.02 0.10 0.10  3 – – 3 – 
12 0.12 0.12 0.02 0.10 0.12 – 0.30 0.11 0.20 0.11 0.19  – – 1 – 
13 – – – – – – – – – – – –  – – – 
14 – – – – – – – – – – – – –  – – 
15 0.00 0.35 0.05 0.07 0.14 – 0.12 0.00 0.16 0.35 0.20 0.24 – –  – 
16 – – – – – – – – – – – – – – –  
Values above the diagonal represent the number of shared species and bottom values are the 
Jaccard abundance based similarity index which ranges from 0–1. Values ≈ 1 indicate stronger 
similarities. Floodplain forest sites: 1–10, river channel sites: 11–16. Dashes indicate sites were 








Table 11 Species diversity estimates at the local scale for the high hydrological period 
Reach Habitat Site Exponential of 
Shannon entropy 




Abundance   Index of body 
size diversity 
Lower FF 1 5.35 4.77 6 9 11.50 
Lower FF 2 5.64 3.95 10 58 74.18 
Lower FF 3 2.31 1.71 4 12 45.86 
Lower FF 4 7.30 4.96 11 21 42.16 
Lower FF 5 8.96 6.91 13 62 101.47 
Upper FF 7 5.42 3.67 11 39 105.67 
Upper FF 8 6.59 5.45 8 13 68.37 
Upper FF 9 12.48 10.86 15 49 65.36 
Upper FF 10 6.14 4.50 8 12 77.24 
Lower RC 11 8.48 6.35 12 36 361.80 
Lower RC 12 3.54 2.80 8 91 265.99 
Upper RC 15 5.25 3.96 9 43 78.21 
 
Table 12 Results from a Wald’s test of main effects of a generalized linear mixed model for 
the low hydrological period 
Response: log standard length (mm) 
Fixed Effects    X2 Df     P 
(Intercept) 1081.092 1 < 0.001 
Habitat 0.822 1 0.365 
Depth 1.345 1 0.246 
Dissolved oxygen  4.050 1 0.044 
Surface temperature   0.819 1 0.365 
Habitat* depth 2.532 1 0.112 
Habitat* dissolved oxygen 2.555 1 0.110 
Habitat* surface temperature 4.690 1 0.030 
Results of a regression model showing statistically significant random effects (intercept) and 
fixed effects. The intercept, dissolved oxygen, and the interaction between habitat and water 
surface temperature were statistically significant. Predictor variables were mean–center 
transformed. Species was included as a random effect because I was only interested in the 




Table 13 Mean water quality parameters per hydrological period and habitat 





Conductivity (μS) Nitrate (mg/L) pH 
Hydrological 
period 
Low High Low High Low High Low High Low High Low High 
Floodplain forest 1.28 1.67 4.62 7.56 27.32 13.31 66.05 34.47 4.22 3.44 6.46 7.00 


























Fig.1 Map of sampling sites within the upper and lower reaches of the Pascagoula River 




Fig. 2     Site 1 in the floodplain forest and site 11 in the river channel 
There is permanent connectivity between habitats. Red dots indicate gill net–fyke net pair locations. Black dots indicate 
sampling–site end points which are 1 km apart. 
 
Fig. 3     Site 2 in the floodplain forest 
There is periodical connectivity between habitats. Red dots indicate gill net–fyke net pair locations. Black dots indicate 






Fig. 4    Site 3 in the floodplain forest and site 12 in the river channel  
There is permanent connectivity between habitats. Red dots indicate gill net–fyke net pair locations. Black dots indicate 



















Fig. 5     Site 4 in the floodplain forest  
There is periodical connectivity between habitats. Red dots indicate gill net–fyke net pair  
locations. Black dots indicate sampling–site end points which are 1 km apart.         
 
Fig. 6 Site 5 in the floodplain forest and site 13 in the river channel 
There is periodical connectivity between habitats. Red dots indicate gill net–fyke net pair  





Fig. 7  Site 6 in the floodplain forest and site 14 in the river channel 
There is periodical connectivity between habitats. Red dots indicate gill net–fyke net pair  



















Fig. 8  Site 7 in the floodplain forest. There is periodical connectivity between habitats 
Red dots indicate gill net–fyke net pair locations. Black dots indicate sampling–site end points  





























Fig. 9    Site 8 in the floodplain forest and site 15 in the river channel 
There is periodical connectivity between habitats. Red dots indicate gill net–fyke net pair  
















Fig. 10  Site 9 in the floodplain forest 
There is periodical connectivity between habitats. Red dots indicate gill net–fyke net pair  
























Fig. 11 Site 10 in the floodplain forest and site 16 in the river channel 
There is periodical connectivity between habitats. Red dots indicate gill net–fyke net pair  


























Fig. 12 Relative abundance for the top 10 most abundant species per habitat for combined 
low and high hydrological periods in the Pascagoula River system   
Emerald Shiners have the highest overall relative abundance irrespective of habitat. However,  

















Fig. 13 Principal coordinate analyses plot for the low hydrological period  
PCoA showing clustering of sites based on habitat, fish species composition, dissolved oxygen,  
and water depth. Species and their associated arrows indicate what sites they are strongly  
correlated with. Arrows associated with depth and dissolved oxygen indicate the direction of  
increase (i.e., river channel sites were deeper with higher dissolved oxygen levels compared to  
floodplain forest sites). Floodplain sites: 1–10, river channel sites: 11–16. There is a separation  


















Fig. 14  Gamma (γ) diversity shown by species accumulation curves via individual–based 
rarefaction and extrapolation curves for the low hydrological period  
Observed species diversity is represented by the circle and triangle symbols.  
Extrapolated dotted lines are the estimated γ–diversity per habitat based upon the interpolations  
(solid lines); the shaded areas show 95 % confidence intervals. Floodplain forests have a higher  
















Fig. 15  Permutation t–test showing a significantly higher median for the exponential of 
Shannon entropy in the floodplain forest for combined hydrological periods 
The bold line represents the median value for each habitat. The box itself represents the lower  
(25 %) and upper (75 %) quartiles. The “whiskers” represent least and greatest values excluding  


















Fig. 16  Ranked abundance curves portraying species "evenness" between habitats for the 
low hydrological period  
The more gradual slope of the line, the more species there are that contain similar abundances.  
The x–axis represents species rank ranging from the most abundant (Rank 1) to the least  
abundant (Rank 30). The y–axis represents proportional relative abundance. The floodplain forest appears to have greater 
















Fig. 17  Principal coordinate analyses plot for the high hydrological period 
PCoA showing clustering of sites based on habitat, fish species composition,  
and water depth. Species and their associated arrows indicate what sites they are strongly  
correlated with. Arrows associated with depth indicate the direction of  
increase (i.e., river channel sites were deeper compared to floodplain forest sites).  
Floodplain sites: 1–10, river channel sites: 11–16. There is a separation between habitats.  
However, there is less separation between habitat types within the floodplain compared to the  
















Fig. 18  Gamma (γ) diversity shown by species accumulation curves via individual–based 
rarefaction and extrapolation curves for the high hydrological period  
Observed species diversity is represented by the circle and triangle symbols. Extrapolated dotted  
lines are the estimated γ–diversity per habitat based upon the interpolations (solid lines); the  
shaded areas show 95 % confidence intervals. Floodplain forests have a higher γ–diversity than  
















Fig. 19  Ranked abundance curves portraying species "evenness" between habitats for the 
high hydrological period  
The more gradual slope of the line, the more species there are that contain similar abundances.  
The x–axis represents species rank ranging from the most abundant (Rank 1) to the least  
abundant (Rank 30). The y–axis represents proportional relative abundance. The floodplain  
forest appears to have greater species evenness compared to the river channel. Floodplain forest:  

















Fig. 20 Negative relationship between fish standard length and dissolved oxygen during the 
low hydrological period 


















Fig. 21  Effect of water surface temperature on fish standard length during the low 
hydrological period 
Floodplain forest: n= 601. River channel: n= 441. Lighter blue equals 95% confidence intervals. 
(a) Effect of water surface temperature on fish standard length in the floodplain forest. No  
       significant effect of water surface temperature was found.  
(b) Effect of water surface temperature on fish standard length in the river channel. Standard length decreased significantly as 























Fig. 22  Principal component analysis of morphological traits for the low hydrological 
period 
The floodplain forest (n= 31) contains a larger area (morphological space) than the river channel  
(n= 30). However, convex hulls have different shapes indicating variation in fish morphology  




Fig. 23  Principal component analysis of morphological traits for the high hydrological 
period  
 
The floodplain forest (n= 30) contains a larger area (morphological space) than the river channel  
(n= 22). However, convex hulls have different shapes indicating variation in fish morphology  




Fig. 24    Permutation t–test showing a significantly higher median for body size diversity in 
the river channel during the high hydrological period 
The higher median and larger variation in body size in the river channel during the high  
hydrological period is most likely due the abundant and enormous longnose gar captured in the  
river channel at that time. The bold line represents the median value for each habitat. The box  
itself represents the lower (25 %) and upper (75 %) quartiles. The “whiskers” represent least and  
greatest values excluding the outliers, which are represented by dots. Floodplain forest: n= 9.  










Fig. 25   Boxplots showing the range of water surface temperatures for each habitat during 
the low hydrological period 
Floodplain forest cover helps to maintain much cooler water temperatures than those observed in  
the river channel. The bold line represents the median value for each habitat. The box itself  
represents the lower (25 %) and upper (75 %) quartiles. The “whiskers” represent least and  




ROLE OF FLOODPLAIN FORESTS AS AN ENERGY SOURCE TO AQUATIC 
CONSUMERS 
Abstract 
Floodplain habitat is considered an aquatic–terrestrial transition zone because it serves 
as a linkage between aquatic and terrestrial habitats, especially in large rivers. Lateral 
connectivity between river channels and their floodplain and nutrient recycling within the 
floodplain (The Flood Pulse Concept) facilitates linkages between aquatic and terrestrial food 
webs. Although, floodplain forests provide key habitat to fish, their ecosystem–function is 
seldom investigated due to difficulties in sampling structurally complex and periodically 
inundated habitat. The goals of this study were to 1) determine the primary carbon production 
sources that drive the aquatic food web of a large floodplain–river system, and 2) establish 
direct and indirect trophic linkages between the aquatic and terrestrial food webs. I 
hypothesized that aquatic food web structure is driven by terrestrial carbon sources, specifically 
forest vegetation. Contrary to my prediction, phytomicrobenthos is the primary carbon 
production source (median predicted contribution of ranged between 55%–92%) that drives 
some or all of the aquatic food web in a complex river–floodplain system. In addition, aquatic 






Food webs can be simply described as a web of multiple interconnected food chains 
with the purpose of describing the structure of a community. In turn, a food chain contains 
multiple trophic positions that form a hierarchal series of species that consume those in lower 
trophic positions (i.e., producer, primary consumer, secondary consumer, decomposer, etc.). 
Because of these inter–trophic interactions, food webs are inherently complex and dynamic 
mixtures of communities. For instance, food webs contain direct and indirect interactions 
between species across feeding guilds and trophic positions and these interactions may vary 
spatially, seasonally, and through the life cycle of species (Mittelbach and McGill 2019). 
Although food webs are typically split between aquatic and terrestrial systems, in some 
circumstances, they can be linked to form one encompassing food web (Baxter et al. 2005; 
Correa and Winemiller 2018).  
Floodplain habitat, also known as an aquatic–terrestrial transition zone (Junk et al. 
1989), often serves as a linkage between aquatic and terrestrial habitats, especially in large 
rivers. Lateral connectivity between river channels and their floodplain and nutrient recycling 
within the floodplain (The Flood Pulse Concept; Junk et al. 1989) facilitates linkages between 
aquatic and terrestrial food webs.  
Research completed in an oligotrophic river in the western Amazonia provided evidence 
to support the concept of terrestrial carbon sources subsidizing aquatic food webs (Correa and 
Winemiller 2018). By analyzing stomach contents and stable isotope samples, they were able to 
quantify the contribution of forested floodplains to metabolism and somatic growth of 12 
omnivorous fish species. Their results suggest that forest vegetation was the largest contributor 
to metabolism, whereas terrestrial arthropods were the largest contributor to somatic growth. 
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Given that these terrestrial arthropods derive their diets from forest vegetation, they concluded 
that floodplain forests subsidize fish biomass (Baxter et al. 2005; Correa and Winemiller 2018).  
In temperate riverine systems, aquatic food web research has mostly focused on main 
river channels during low flow, without accounting for seasonal connectivity with the 
floodplain and potentially overestimating the importance of algal carbon support to aquatic 
food webs (Zeug and Winemiller 2008). In contrast, Zeug and Winemiller (2008) sampled 
carbon production sources and consumers from a main river channel and two oxbow lakes 
within a grassland floodplain following high flow events in Texas. Isotopic analyses revealed 
that terrestrial C3 macrophytes were the most important contributor to the biomass of all the 
examined consumers (i.e., fish, crayfish, and shrimp) in the main river channel and one of the 
oxbow lakes and accounted for a large fraction of biomass of some consumers in the other 
oxbow lake (Zeug and Winemiller 2008). Further research to investigate temperate riverine 
food webs within a forested floodplain was completed by O’Connell (2003) in a low order, 
blackwater stream in Mississippi. O’Connell (2003) studied the impact of drifting organisms 
within a flooded forest on Lythrurus roseipinnis (Cherryfin Shiner) diets and found that diets 
consisted largely of terrestrial arthropods. However, this study only focused on drifting 
organisms due to observed Cherryfin Shiner feeding behavior (W. T. Slack and T. Darden, 
unpubl. data; pers. obs., cited by O’Connell 2003). 
While there is a clear link between riparian forests and freshwater fauna (Baxter et al. 
2005; Arantes et al. 2018; Lo et al. 2020), the ecosystem functioning of floodplain forests (e.g., 
primary productivity, decomposition of dead organic matter, energy fluxes, and nutrient 
recycling (Morris 2010)) is seldom investigated due to difficulties in sampling structurally 
complex and seasonally inundated habitat (Baker and Killgore, 1994; Andrews et al. 2015). 
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This lack of investigation has led to large knowledge gaps that need to be assessed to further 
understand how bottomland hardwood forests influence aquatic consumers. 
In the Southeastern United States of America  (U.S.), bottomland hardwood forests 
serve as an important transitional habitat between aquatic and terrestrial habitats (Messina and 
Conner 1998). To date, studies on fishes within bottomland hardwood forests demonstrated 
higher species diversity and distinct assemblages compared to open water (Baker and Killgore 
1994; Killgore and Baker 1996; Winemiller et al. 2000; Adams et al. 2007; Andrews et al. 
2015; and Chapter 1 of this thesis). Moreover, studies on macroinvertebrates describe a higher 
density and productivity of shredders and collectors with changes in species composition along 
spatial gradients (Pollard et al. 1982; Batema 2005; Reese and Batzer 2007). Research on 
aquatic food webs within bottomland hardwood forests to determine carbon production sources 
to aquatic consumers and establish direct and indirect linkages between trophic levels is, 
however, lacking (e.g., O’Connell 2003; Lee et al. 2016).  
 The goal for this research was to identify how bottomland hardwood forests influence 
aquatic food webs in the Southeastern U.S. . To accomplish this goal, I: (1) determined the 
primary carbon production source (i.e., primary producer) that drives the aquatic food web; and 
(2) established direct and indirect trophic linkages between terrestrial and aquatic food webs 
within a river and its floodplain. I hypothesized that aquatic food web structure is driven by 
terrestrial carbon sources, specifically forest vegetation. I also predicted that allochthonous 
foods would contribute more to the proportional volume of fish diets than autochthonous foods. 
I expected forest vegetation to be the dominant carbon source due to the high lateral 
connectivity between the river channel and the floodplain forest during periodic inundation and 





The Pascagoula River, Mississippi, is the last large, unregulated river in the contiguous 
U.S. (Dynesius and Nilsson 1994; Heise et al. 2005). It is formed by the confluence of the Leaf 
River and Chickasawhay River and empties out into the Gulf of Mexico. Two reaches within a 
100 km long river stretch were identified as upper reach and lower reach. The edge of the lower 
reach coincides with the ecotone of the forested floodplain and the saltmarsh habitat. Each reach 
was 50 kilometers (km) long and contains five sampling sites at 10 km intervals. Every sampling 
site had a length of 1 km, which created feasible access to the floodplain (Fig. 1 of Chapter 1). 
Within each sampling site, the forested floodplain and the littoral zone of the main river channel 
were sampled, (thereafter referred as habitats). 
Field Data Collection 
Details on fish capture techniques were described in Chapter 1. Briefly, fish were 
sampled with multi–gear (paired multi–panel gill nets, mini fyke–nets, and minnow traps). Once 
captured, fish diets were assessed from stomach contents and stable isotopes of carbon (C) and 
nitrogen (N) analyzed from muscle and liver tissue and from essential amino acids in both 
sources and consumers. Stomach contents of large fishes (≥ 30 cm standard length) were 
obtained by a modified pulsed gastric lavage technique (Correa and Anderson 2016) or through 
dissections if fishes were dead at the time of collection or when the anatomy of the digestive 
tract prevented the use of gastric lavage tools. A 12–volt bilge pump with a power switch on the 
wire connected to the battery was suspended over the side of the boat to supply water. One end 
of silicon tubing (1 cm internal diameter) was connected to the bilge pump and the other end was 
connected to hard plastic tubing which was inserted into the fish esophagus. The edges of the 
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hard–plastic tubing were rounded with a lighter to prevent piercing of the stomach. Water was 
then pumped into the stomach in pulses of 10 seconds to flush out the contents into a fine mesh 
sieve. This process was repeated two to four times until the stomachs were empty. The tubing 
was then removed while massaging the abdominal area to further encourage regurgitation. 
Modified pulsed gastric lavage for smaller fishes (< 30 cm standard length) was completed by 
using a small piston manual pump with silicon (0.5 cm internal diameter) and hard–plastic 
tubing. The silicon tubing ran from the manual pump to the hard–plastic tubing which was 
inserted into the fish esophagus. Using the manual pump, water was pressed into the stomach at 
pulses of 10 strokes to flush out the contents into a fine mesh sieve. This process was repeated 
two to four times until the stomach was empty (Correa and Anderson 2016). Regurgitated 
stomach contents were rinsed with water and then placed in jars with 70 % ethanol (Correa and 
Anderson 2016). A subset of the diets of small fish was also obtained through dissections. 
Stomach content samples were transported to the lab for analyses.   
At least five samples for stable isotopes were collected per fish species, per habitat and 
hydrological period. For large individuals, I removed a ~ 2 cm2 sample of muscle tissue from 
the dorsum below the dorsal fin (Correa and Winemiller 2018). Samples of dorsum muscle 
tissue from smaller individuals (< 30 mm) (Jepson and Winemiller 2002) were obtained by 
collecting a representative sample of up to three individuals or more of the same species 
(Neiffer and Stamper 2009). Liver samples were also collected from a subset of fish species 
representing each trophic level (Perga and Gerdeaux 2005). All individuals collected for 
dissection and stable isotope samples were euthanized with an overdose of tricaine 




The isotopic value of muscle and liver tissue were compared to look for temporal 
consistency in diets. Muscle tissue has a slow turnover rate and therefore represents the diet 
across a season (1–3 months), whereas liver tissue has a faster turnover rate and represents a 
short–term diet (< 1 month) (Guelinckx et al. 2007; Buchheister and Latour 2010; Xia et al. 
2013; Mohan et al. 2016; Sacramento et al. 2016; Carter et al. 2019). Analyzing short–term 
diets (liver samples and stomach contents) and long–term diets (muscle tissue) provides higher 
quality diet–reconstructions (Carter et al. 2019), which have been shown to vary seasonally 
among floodplain fishes (Wantzen et al. 2002).  
Crayfish were chosen to represent aquatic macroinvertebrates due to their high density 
within the floodplain. Crayfish were sampled with Frabil torpedo crayfish traps. Two crayfish 
traps were placed 10–meters apart at each gill net and fyke net pair and baited with 150 g of 
Brevoortia patronus (Gulf Menhaden; Pollard et al. 1982; Hardee 2009). Each Crayfish trap was 
left out overnight to allow enough time for crayfish to enter the trap (Barnett and Adams 2018). 
Crayfish were measured using standard carapace length (tip of rostrum to end of carapace) to the 
closest 0.01 mm. Terrestrial arthropods were also collected by swiping vegetation with a fine 
mesh net (Correa and Winemiller 2018), picking with the bare hands or with very large forceps.  
To determine the driving carbon production source of aquatic food webs within the 
bottomland hardwood forests, I collected samples of all carbon production sources found at each 
site. I obtained forest vegetation samples by clipping leaves, flowers, and fruits. Aquatic and 
emergent vegetation were collected by clipping leaves and flowers and scraping filamentous 
periphyton with a fine mesh dip net (Kaller et al. 2013). Periphyton samples were rinsed with 
water to remove sediment and large particles of detritus, however due to the difficulty of 
obtaining clean algae samples, this producer is usually considered as phytomicrobenthos (PMB; 
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Zeug and Winemiller 2008). PMB samples consisted of periphyton, detritus, and associated 
microorganisms. Phytoplankton and zooplankton samples were collected by pulling a 
phytoplankton net (64 μm) and zooplankton net (80 μm) along the surface of the water at each 
site. Once collected, all stable isotope samples were placed on ice and transported back to the lab 
for further preparation (Zeug and Winemiller 2008).  
Laboratory Data Collection 
Stomach contents were identified to the lowest feasible taxon using a dissecting 
scope and microscope. Once identified, the stomach contents were air dried, and volumes 
of individual food items were determined through water displacement and millimeter graph 
paper (0.001 mL= 1 mm3). Microscopic items (plankton) were only counted per taxon.  
Muscle tissue from the dorsum below the dorsal fin was taken from the samples of 
small individual fish. The skin, scales, and bone from the muscle tissue were removed. Fish 
liver and muscle tissue, crayfish muscle tissue, and whole terrestrial arthropods were dried 
in an oven at 60 °C for 24 hours (Bonvillain et al. 2015; Correa and Winemiller 2018). For 
terrestrial arthropods, the whole organism was crushed into a homogenous powder 
(Gilbertson and Wyatt 2016; Correa and Winemiller 2018). Each sample was then weighed 
to the closest 0.01 mg and placed into Ultra–Pure tin capsules. 
Zooplankton and phytoplankton samples were examined under a microscope and are 
herein referred to as seston due to observations of a mix of plankton and dead organic matter in 
each sample. Seston samples were filtered through precombusted Whatman GF/F filters and 
were dried in an oven at 60°C for 24 hours (Major et al. 2017). All other carbon production 
sources were rinsed with deionized water and dried in an oven at 60 °C for 48 hours (Correa and 
Winemiller 2018). Dried filter papers were folded up and placed in pre–combusted vials. Other 
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dried carbon production samples were crushed into a homogenous powder, weighed to the 
closest 0.01 mg, and placed into Ultra–Tin capsules. All carbon production sources were stored 
at room temperature after being placed in Ultra–Tin capsules or vials before analyses. 
An initial batch of samples were sent to the Stable Isotope Ecology Laboratory at 
Louisiana State University to determine if bulk tissue stable isotopes of C, N, and Sulfur (S) 
could differentiate primary carbon production sources. S has less fraction between trophic levels 
than C and N, which could further assist in differentiating between primary carbon production 
sources (Connolly et al. 2004). All isotopic samples were analyzed for percent composition of C, 
N, and S and stable isotope ratios of C (13C/12C), N (15N/14N), and S (34S/32S). C, N, and S ratios 
were quantified as deviations (δ13C, δ15N, and δ34S) comparative to the isotopic standards, 
PeeDee Belemnite limestone for C, atmospheric nitrogen for N, and Vienna Canyon Diablo 
Troilite for S, and reported as parts per thousand (‰) (Eq.6).   
𝛿13𝐶, 𝛿15𝑁, 𝑜𝑟 𝛿34𝑆 = ((𝑅𝑎𝑡𝑖𝑜𝑠𝑎𝑚𝑝𝑙𝑒 / 𝑅𝑎𝑡𝑖𝑜𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑)  −  1) 𝑥 1000 (Eq.6) 
Organisms tend to have less 13C than PeeDee Belemnite limestone and therefore have negative 
δ13C values. Contrarily, organisms tend to have more 15N than air and therefore have positive 
values (Jepsen and Winemiller 2002).   
 Bulk tissue stable isotopes C, N, and S were not able to effectively differentiate primary 
production sources within the river–floodplain system and depicted an entangled food web 
during both hydrological periods (Fig. 26–27). δ13C and δ34S values for aquatic and terrestrial 
production sources were overlapping and consumer δ13C and δ34S values were mostly situated on 
those overlapping areas. Phytomicrobenthos appeared to account for the overlapping values. 
Consequently, the primary production source for those consumers could not be accurately 
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described and a novel approach was used to determine what primary carbon production source 
drives the aquatic food web.  
 Compound specific stable isotope analysis (i.e., Carbon–isotope analysis of individual 
amino acids (δ13CAA) where AA reflects amino acid) is a stronger biomarker to differentiate 
primary carbon production sources (Fantle et al. 1999; McMahon et al. 2010; McMahon et al. 
2011; Larsen et al. 2013; McMahon et al. 2016). δ13C is contained in essential and non–essential 
amino acids (AA). Essential AA can only be synthesized by bacteria, fungi, and photoautotrophs, 
which is why they are indispensable for consumer diets. In addition, essential δ13CAA values have 
been found to have little to no fractionation between trophic levels versus non–essential δ13CAA 
values, which can fluctuate largely. Essential δ13CAA values also have little variation along 
environmental gradients compared to bulk δ13C values (Larsen et al. 2013). Therefore, essential 
δ13CAA values are ideal tracers of primary carbon production sources (McMahon et al. 2010; 
Larsen et al. 2013; McMahon et al. 2016).   
 δ13CAA samples are processed similar to bulk stable isotope tissues. However, δ
13CAA 
samples were placed in pre–combusted 4 mL glass vials with a PTFE lined cap instead of Ultra–
Pure tin capsules and a larger sample is needed to improve detectability. δ13CAA samples were 
also sent to the Stable Isotope Ecology Laboratory at Louisiana State University.  
Data Analysis 
First, I assessed the contribution of allochthonous versus autochthonous foods to fish 
diets based on stomach contents. Allochthonous foods included terrestrial vegetation and 
terrestrial arthropods, while fish, aquatic macroinvertebrates, and aquatic vegetation were 
considered autochthonous foods. The proportional volume of food was modeled using a 




𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 ~ 𝑓𝑜𝑜𝑑 𝑡𝑦𝑝𝑒 ∗ ℎ𝑎𝑏𝑖𝑡𝑎𝑡 ∗ ℎ𝑦𝑑𝑟𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝑝𝑒𝑟𝑖𝑜𝑑
+ (1|𝑠𝑝𝑒𝑐𝑖𝑒𝑠) + (1 | 𝑠𝑖𝑡𝑒) (Eq.7) 
Species was considered a random effect to test the contribution of food types to fish diets at 
the assemblage level. Site was also considered a random effect to account for the lack of 
independence due to collecting multiple individuals at the same sampling site. Regression 
models were implemented with the R package lme4 (Bates et al. 2015). Volume was reduced 
to values > 0 and < 1 via beta transformation (beta transformation = (p × (n−1) + 0.5)/n, where 
n = sample size) and then logit transformed (logit transformation = log [p′/(1−p′)] (Warton and 
Hui 2011; Correa and Winemiller 2018). 
To further analyze the degree at which bottomland hardwood forests support aquatic food 
webs, I estimated the relative contribution of carbon production sources to each consumer taxa 
using δ13CAA  values of five essential amino acids (threonine, isoleucine, valine, phenylalanine, 
and leucine; McMahon et al. 2016). First, I visually assessed their contribution via PCA 
ordination to determine if carbon production sources were clearly separated and to see how well 
consumer values overlapped those of carbon production sources. 
Next, for each consumer species, I implemented a hierarchical Bayesian mixing model in 
the R package MixSIAR (3 chains; 300,000 chain length; 200,000 burn–in; 100 thin; Stock and 
Semmens 2016). MixSIAR provides estimates of the probability density function of the 
contribution of carbon production sources to consumer taxa while accounting for the variance of 
consumer and producer isotopic values and trophic fractionation (Parnell et al. 2013). To account 
for the likely variability in isotopic values of consumers collected during two hydrological 
periods and in two habitats distributed along upper and lower river reaches, I included the 
individual identification of fish as a fixed effect in the model (Stock and Semmens 2016). 
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Mixing models included the mean and standard deviation of three producers: phytomicrobenthos 
(PMB; in this study samples were dominated by benthic periphyton and associated bacteria as 
well as detritus;  n = 3); aquatic vegetation (Ceratophyllum demersum (coontail) and 
Nymphaeaceae spp. (water lily) leaves and stems; n = 4); and forest vegetation (leaves of  
Taxodium distichum (bald cypress), Nyssa aquatica (water tupelo), and Arecaceae spp. 
(palmetto); n = 5). Producers were selected due to their range and dominance of cover. I included 
uninformative priors; priors were set equal to 1, which means that all producers have equal 
probability to contribute to consumers’ biomass. Compound specific amino acid stable isotope 
analysis assumed minimal trophic fractionation as amino acid molecules move unchanged from 
producers to consumers; as such I set the fractionation value to 0.01 ± 0.01 % (McMahon et al. 
2016). I verified model convergence using the Gelman–Rubin and Geweke diagnostic tests as 
implemented in MixSIAR (Stock and Semmens 2016). 
Results 
 Mixed effects regression modeling revealed that fishes consumed a greater volume of 
autochthonous food (i.e., crayfishes, fishes, aquatic macroinvertebrates, aquatic vegetation, and 
PMB) than allochthonous food (i.e., terrestrial arthropods and terrestrial vegetation), irrespective 
of habitat and hydrological period (Table 14). Visual inspection of boxplots per habitat and 
period further support an overall greater contribution of autochthonous foods to fish assemblages 
(Fig. 28). 
 Ordination (PCA) for δ13CAA showed a clear separation among primary carbon 
production sources and the δ13CAA isotopic values of the five essential amino acids explains 90 
% of the variability among the three producers (Fig. 29). In addition, fishes and crayfishes 
matched closely with PMB while terrestrial arthropods matched terrestrial vegetation sources 
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(Fig. 30). Mixing models for aquatic consumers abundant in floodplain habitat, including 
crayfish and three fish species occupying different trophic levels, all pointed to PMB as their 
main C source (i.e., the median predicted contribution of PMB ranged between 55–76 % for 
Procambarus clarkii (Red Swamp Crayfish), 78–91 % for Spotted Sucker, 53–81 % for 
Largemouth Bass, and 88–92 % for Blue Catfish) supporting the aquatic food web during both 
the low and high hydrological periods, in floodplain and main river channel habitats of the 
Pascagoula (Table 15). A control mixing model for terrestrial insects, known to consume 
terrestrial plant material (i.e., caterpillars (Lepidoptera) and bess beetles (Passalidae)), pointed to 
terrestrial plant material as their main C source (i.e., the median predicted contribution ranged 
between 58–86 %, however the lower Bayesian credible interval was low; Table 15). 
Discussion 
Contrary to my prediction, the regression model of diet based on stomach contents and 
mixing models with δ13CAA values showed autochthonous resources as the most consumed and 
assimilated food type by the aquatic species analyzed. In fact, autochthonous food types 
dominated fish diets, while allochthonous food types contributed very little to the bulk of fish 
diets (Fig. 28). These results contrast with a similar study in the Amazon River floodplain by 
Correa and Winemiller (2018), who found that allochthonous food types were consumed at 
greater proportions than autochthonous food types. The proportional contribution of particular 
allochthonous and autochthonous foods is currently being assessed to determine which specific 
source contributed the highest proportional volume to fishes in each hydrological period and 
habitat. This will also further inform any changes in niche breadth over time and space and allow 
to include informed priors in additional stable isotope mixing models. It is also important to note 
that only 29 species were assessed in the stomach content analysis. Smaller fish such as shiners 
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and minnows were not included in the stomach content analysis due to time constraints. 
However, other smaller species that tend to eat terrestrial arthropods, particularly those in the 
Centrarchidae family, were included in this stomach content analysis to overcome that limitation. 
Despite direct inputs of terrestrial vegetation into the aquatic habitat in the form of falling 
branches, leaves, flowers and fruits, the primary carbon production source that drives some or all 
of the aquatic food web of the Pascagoula River appears to be PMB. Even though PMB samples 
contained miniscule detritus fragments, PCA separation between PMB and terrestrial and aquatic 
plants indicated that detritus from decomposed plant material did not influence PMB  values and 
instead periphytic algae was mostly assimilated by aquatic consumers (Fig. 29–30). High light 
penetration and available dissolved inorganic nutrients, such as N, promote growth of PMB 
(Forsberg et al. 2001; Marshall et al. 2008). In oligotrophic Amazonian rivers, dense forest 
canopies and limited dissolved inorganic nutrients prevent the growth of PMB in inundated areas 
(Klinge and Furch 1991; Junk and Robertson 1997; Flecker et al. 2002; Correa and Winemiller 
2018). In the Pascagoula River, it appears that bottomland hardwood forests, at least within my 
sampling sites, allow enough light penetration and contain enough dissolved inorganic nutrients 
to promote PMB growth (Fig. 2–11). Additionally, bottomland hardwood forests are dominated 
by deciduous trees that lose their leaves during the fall as the water rises. These bare trees and 
open canopies allow increased light penetration and potential PMB development during the 
winter that coincides with the flood period. Oddly, PMB samples were difficult to locate and 
obtain within my sampling sites during both hydrological periods. This indicates that PMB may 
be developing in deeper water. PMB growth may be partially explained by the evident 
agricultural lands surrounding the floodplain forest. Additional sampling of PMB and aquatic 
macroinvertebrates (other than crayfish) should be included to further analyze the contribution of 
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in situ primary productivity within the Pascagoula River floodplain system. Artificial structures 
strategically placed in sampling sites to establish PMB growth could be very useful to quantify 
PMB colonization and autochthonous primary production. 
The δ13CAA values of crayfish and fishes matched closely with those of PMB from both 
habitats. Given that crayfishes were mostly captured within the floodplain forest, which is their 
preferred habitat (Barnett and Adams 2018), the importance of crayfishes to fish diets likely 
derives from flood pulse dynamics, which control the accessibility of floodplain food resources 
to fishes (Junk et al. 1989; Correa and Winemiller 2018). While terrestrial vegetation may not be 
the primary carbon production source as predicted, floodplain forests still play a crucial role to 
support the diets of carnivorous fishes by providing habitat to prey and further emphasizes the 
importance of lateral connectivity between habitats. Additionally, it may serve as an attachment 
surface and nutrient source for PMB. Furthermore, the consistency in δ13CAA values across 
hydrological periods indicates that fishes are consistently assimilating crayfishes and other 
aquatic macroinvertebrates, which are assimilating PMB, throughout the entire year. Thus, there 
is no indication of a major shift in diet and little to no carbon source turnover between 
hydrological periods. Analyses of liver samples to assess variability in short term diets due to 
potential movement between habitats are still ongoing. 
Aquatic consumers selected to represent different trophic levels were based on their 
commercial, recreational, and ecological importance to humans and the aquatic community. 
Using the represented species, a simple food web can be created with PMB as the primary 
carbon production source, Red Swamp Crayfish as a primary consumer, Spotted Sucker as a 
secondary consumer, and Largemouth Bass and Blue Catfish as tertiary consumers (Fig. 31). 
Aquatic benthic macroinvertebrates (other than crayfish) accounted for 64 % of Spotted Sucker 
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diets, crayfish accounted for 81 % of Blue Catfish diets and 88 % of Largemouth Bass diets. 
Calculation of trophic positions is still ongoing and a more complex food web with additional 
fish species and prey items will be created.   
To further analyze the primary carbon production sources assimilated by consumers, 
additional models with informative priors assigning different weights to each producer, based on 
quantitative diet analyses from stomach contents, will be implemented. Furthermore, seston 
samples will be added to assess overlap between consumers and seston values and evaluate the 
contribution of this autochthonous producer to the aquatic food web. Mixing models with other 
consumers such as Spotted Gar and Longnose Gar will also be implemented to better represent 
diet integration across trophic levels in each habitat. Additionally, variation among terrestrial 
vegetation across hydrological periods can occur due to deciduous plants reabsorbing nutrients 
before dropping leaves. To account for such variation, I will include non–deciduous plants in the 
sample of sources and re–run mixing models.   
While I seem to be mildly scratching the surface of these complex and dynamic systems, 
this preliminary food web information has provided much insight into the connection between 
bottomland hardwood forests and the aquatic consumers they support. Due to the use of 
relatively new technology (e.g., compound specific stable isotopic analysis based on amino 
acids), previously unknown information and details on aquatic food webs within bottomland 
hardwood forests has come to light during my research. Even though bottomland hardwood 
forests do not seem to be strongly contributing food to fish diets, they are certainly providing the 
necessary habitat for the abundantly consumed/assimilated food sources. To further understand 
the complexities of this floodplain forest system, food web research should continue to include 
more consumer species (especially herbivorous and omnivorous species) and potential carbon 
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production sources (i.e., seston) especially in areas not yet sampled within the floodplain forest. 
In Chapter 1, it was evident that different habitat types within the floodplain forest played a role 
on driving unique fish taxonomic diversity. While it is not evident that the primary carbon source 
changed between those specific habitat types, it is not implausible to think that it may change in 





















Table 14  Wald’s test for fixed effects from a mixed effects regression model of allochthonous 
versus autochthonous food sources 
Response: Proportional  
volume of food 
X2 Df    P 
Food Type 234.826 1 <<0.001 
Habitat 0.619 1 0 0.432 
Period 0.000 1 0 0.991 
Food Type x Habitat 1.237 1 0 0.266 
Food Type x Period 0.000 1 0 0.987 
Habitat x Period 0.248 1 0 0.619 
Food Type x Habitat x Period 0.496 1 0 0.481 
Results of a regression model show statistically significant fixed effects. Only food type was 
































Table 15 Estimated proportional contribution of three C sources to aquatic consumer biomass 
in the Pascagoula River system 
Consumer 
Species 
Period Habitat River 
reach 
Aquatic plants PMB Terrestrial plants 
Red Swamp 
C.f. 
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Lower 0.21 (0.007–0.748) 0.62 (0.139–0.96) 0.09 (0.002–0.53) 
   
Upper 0.09 (0.004–0.495) 0.81 (0.367–0.98) 0.06 (0.002–0.402) 
 




0.17 (0.006–0.622) 0.69 (0.235–0.964) 0.08 (0.002–0.455) 
Blue 
Catfish 







0.05 (0.002–0.26)    
 
High FF Lower 0.04 (0.001–0.289) 0.89 (0.594–0.993) 0.04 (0.001–0.296) 
    























      
Values represent the median (50 % quantiles) and 95 % Bayesian credible intervals (2.5 – 97.5 








Fig. 26  δ13 Carbon and δ34 Sulfur plot for the low hydrological period  
Results indicate an entangled food web with overlapping terrestrial and aquatic producers. The  
addition of S did not prove successful in differentiating primary carbon production sources.  











Fig. 27 δ13 Carbon and δ34 Sulfur stable isotope plot for the high hydrological period  
Results indicate an entangled food web with overlapping terrestrial and aquatic producers. The  
addition of S did not prove successful in differentiating primary carbon production sources.  










Fig. 28 Proportional volume of allochthonous versus autochthonous foods in fish diets 
n =  313 fish, of 29 species. Four panels representing each habitat per hydrological period. No  



















Fig. 29  δ13CAA values from primary carbon production sources 
δ13CAA source values show clear separation between producers. This indicates that the CAA 












Fig. 30 δ13CAA values for primary carbon production sources and consumers 
PMB: Phytomicrobenthos. Contrary to my prediction, consumer values closely matched those of 







Fig. 31    Preliminary food web of the Pascagoula River based on the δ13CAA values of 





A SPECIES–RICH DRAINAGE: OCCURRENCE AND HABITAT ASSOCIATIONS OF 
FISHES IN THE PASCAGOULA RIVER SYSTEM 
Abstract 
The Southeastern United States (U.S.) has an exceptional freshwater fish diversity with 
Mississippi being one of the top ranked states. Despite the rich diversity of fishes in Mississippi, 
some areas of the state have not been thoroughly researched. Bottomland hardwood forests can 
be difficult to sample due to the inherent complexity and periodic flooding that occurs. The 
Pascagoula River Drainage, located in southern Mississippi, has a hydrologically functional 
floodplain with continuous bottomland hardwood forests along its entire reach which extends to 
the Gulf of Mexico where the forest transitions into tidal marsh. As a relatively pristine system, it 
is ideal for studying fish community structure and composition. Therefore, the purpose of this 
study was to compose a checklist of fish species, and habitat associations, within the Pascagoula 
River Drainage. A total of 224 species, 61 families, and 33 orders were documented within the 
drainage accounting for 55 % of all freshwater or diadromous and 36.7 % of marine fish species 
within Mississippi. Additionally, 58.5 % of species were documented in multiple habitats 
emphasizing the importance of hydrologic connectivity between habitats. 
Introduction 
The Southeastern U.S.  has an exceptional freshwater fish diversity (Warren and Burr 
1994; Warren et al. 1997; Lodge et al. 2000; Love and Taylor 2004). Mississippi is one of the 
 
85 
top ranked states and contains 107 families, and 493 species (Mississippi Museum of Natural 
Science unpublished data), although only 242 species are considered freshwater or diadromous. 
Despite the rich diversity of fishes in Mississippi, some areas of the state have not been 
thoroughly researched. Bottomland hardwood forests comprise much of the floodplain habitat 
surrounding creeks and rivers within Mississippi and have been linked to unique fish species 
composition and higher species richness relative to nearby open–water areas such as lakes and 
river channels (Ross and Baker 1983; Baker and Killgore 1994; Killgore and Baker 1996; 
Andrews et al. 2015). However, sampling fishes within bottomland hardwood forests can be 
difficult due to the inherent habitat complexity (Baker and Killgore 1994; Andrews et al. 2015). 
The Pascagoula River Drainage, located in southern Mississippi, is unregulated and its floodplain 
contains contiguous bottomland hardwood forests along its entire reach. As a relatively pristine 
system, it is ideal for studying fish community structure and composition (Schaefer et al. 2006). 
Therefore, the purpose of this study was to compose a checklist of fish species that have been 
documented within the Pascagoula River Drainage with respect to habitat associations (i.e., 
forested floodplain, tidal marsh, and stream channel). This effort provides pivotal up–to–date 
information to managers for evaluating the relevance of the Pascagoula River Drainage as a hot 
spot for the conservation of freshwater fishes in Mississippi. 
Methods 
Study Area  
The Pascagoula River Drainage, located in southern Mississippi, has a drainage area of 
~25,123 km2 (Heise et al. 2005). The drainage contains two major tributaries (i.e., Leaf River 
and Chickasawhay River) that form a large river–floodplain system, the Pascagoula River, which 
discharges into the northern Gulf of Mexico (Mickle et al. 2010; Fig. 32). Most tributaries of the 
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drainage lie within the Southern Plain Ecoregion (level III), while the main stem Pascagoula 
River lies mostly within the Southern Coastal Plain ecoregion (level III). Remarkably, the 
Pascagoula River is the last undammed large river in the contiguous U.S. (Dynesius and Nilsson 
1994; Heise et al. 2005; Mickle et al 2010). Forestry and agricultural practices dominate the land 
use within the drainage (Mickle et al. 2010). Additionally, there are several protected areas 
within the drainage including six Wildlife Management Areas (Ward Bayou, Pascagoula, Red 
Creek, Leaf River, Mason Creek, and Chickasawhay), Desoto National Forest, Mississippi 
Sandhill Crane National Wildlife Refuge, Pascagoula River Marsh Coastal Preserve, and Nature 
Conservancy lands. The drainage also contains expansive, contiguous tracts of bottomland 
hardwood forests adjoined to meandering and dynamic river and stream channels that eventually 
transitions to tidal marsh as the river reaches the Gulf of Mexico. Within the forested wetlands, 
extensive flooding occurs periodically during the winter and spring (December to March) and 
becomes more predictable near larger river channels (Junk et al. 1989). In addition, short 
periodic flooding driven by summer storms occurs in the lower reach. 
Data Collection 
For the present study, we sampled fishes from May 2019 to March 2020 (i.e., low and 
high hydrological periods) in two habitats within the Pascagoula River: the littoral zone of the 
main river channel and backwater areas within the forested floodplain. In addition, records of 
fish occurrences within the Pascagoula River Drainage were searched in the statewide database 
compiled by the Mississippi Department of Wildlife, Fisheries, and Parks (MDWFP) that 
consisted of sampling reports and multiple museum collections (Table 1), and by conducting a 
literature review of journal articles in Google Scholar (Table 2). Current species names were 
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verified through FishBase (Froese and Pauly 2019) and taxonomic identifications were verified 
with museum collections to filter out misidentifications. 
Results 
A total of 51 species within 16 families and 11 orders were recorded during field 
sampling (May 2019–March 2020) in both habitats within the Pascagoula River. Data for the 
Pascagoula River Drainage compiled by the MDWFP contained 241 species within 59 families 
and 33 orders based on collection records spanning between the years 1853 to 2018. The book 
Inland Fishes of Mississippi (Ross 2000) listed 137 species within 37 families and 23 orders, 
based on samples dating from pre 1983 to 1993. Our literature review in Google Scholar resulted 
in 113 species within 26 families and 16 orders based on articles dating from 1937 to 2019. After 
species names were updated and misidentifications were filtered out, 224 species within 61 
families and 33 orders have been identified to date in the Pascagoula River Drainage (Table 3). 
Herein, we classify 133 of those species as freshwater or diadromous species and 91 as marine 
species. Most marine species were only documented in the tidal marsh habitat. 
It is important to note that the Pascagoula River Drainage is a highly dynamic system 
where the hydrology changes periodically with the flood pulse and new channels likely formed 
throughout the 165–year period considered here. Thus, fish–habitat associations could differ 
depending on when sampling took place. However, given the range of years and months that the 
compiled studies encompass, general habitat associations can be made: 59 % of the species were 
documented within multiple habitats, 58 % of the species were documented in the floodplain 
forest, 55.8 % in a river or creek channel upstream of the tidal marsh, and 53 % in the tidal 




Two species listed as endangered within the state of Mississippi have been documented 
in the Pascagoula River Drainage: Crystallaria asprella (Crystal Darter) and Notropis 
chalybaeus (Ironcolor Shiner). Additionally, two species listed as federally threatened have been 
documented in the drainage: Percina aurora (Pearl Darter) and Acipenser oxyrinchus desotoi 
(Gulf Sturgeon). However, the Crystal Darter has not been documented in the Pascagoula River 
Drainage since 1933 and is only represented by a single collection. Recent surveys by the 
MDWFP have documented Ironcolor Shiner only in the Escatawpa River system. While the 
Pearl Darter has been recently documented throughout the drainage, it is not found anywhere 
else in the world. Historically, the Pearl Darter occurred in both the Pearl and Pascagoula River 
drainages. However, populations in the Pearl River Drainage seem to have been extirpated 
(Schofield and Ross 2003; Clark et al. 2018). Interestingly, the Bouie River, a tributary to the 
Leaf River, has been documented as a key spawning location for Gulf Sturgeon (Ross 2000; 
Heise et al. 2005). Furthermore, there have been multiple confirmed collections of Pimephales 
notatus (bluntnose minnow) since 1947. Despite its documentation, the Bluntnose Minnow has 
not been recognized as a species present in the Pascagoula River Drainage in modern literature. 
Nonnative species such as the Hypophthalmichthys nobilis (Bighead Carp), Cyprinus 
carpio (Common Carp), Ctenopharyngodon idella (Grass Carp), Colossoma macropomum 
(Tambaqui), Piaractus brachypomus (Pirapitinga), and Oreochromis niloticus (Nile Tilapia) 
have also been documented in the Pascagoula River Drainage. The Bighead Carp can be an 
extremely invasive species in the U.S., but very few individuals have been documented in the 
Pascagoula River Drainage. Latitude and longitude were only available from one individual 
located near an agriculture pond in 1992. The Common Carp and Grass Carp were also recently 
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documented during the present study in 2019. However, very few individuals have been 
documented overall. Only one Tambaqui individual has been documented in the Pascagoula 
River Drainage in 1996. Very few individuals of Pirapitinga have been documented in the 
drainage with the last individual captured in 2007. Nile Tilapia is the most abundant nonnative 
species documented in the Pascagoula River Drainage. Between 1995 and 2014, ~4100 
individuals of Nile Tilapia were captured. Despite the high abundance, all individuals were 
concentrated around a coal–fired power plant along the edge of the Pascagoula River floodplain 
near the tidal marsh. However, as temperature increases from climate change, the distribution of 
Nile Tilapia may expand upstream (Peterson et al. 2006). 
This study provides an up–to–date perspective of the high fish species diversity found 
within the Pascagoula River Drainage. The Pascagoula River is not only unique in North 
America as it maintains its natural hydrology, but its drainage can be considered a hotspot for 
fish species diversity conservation as well. This drainage contains 55 % of the freshwater or 
diadromous fish species and 37 % of marine species documented within the state of Mississippi. 
These results reflect the high fish species diversity within the Southeastern U.S. Moreover, the 
high percentage of species found in multiple habitats within the Pascagoula River Drainage 
emphasizes the importance of hydrologic connectivity between habitats, which is at risk due to 
dam development and global warming (Dias et al. 2017; Anderson et al. 2018; Jézéquel et al. 
2020).  
This checklist can help prioritize watersheds and river corridors within the drainage for 
conservation and restoration efforts such as establishing “Strategic Habitat Units” (SHUs) and 
“Strategic River Reach Units” (SRRUs) created by the Alabama Rivers and Streams Network 
(Wynn et al. 2020). The integrity of the floodplain forest and its natural hydrology would make 
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watersheds and river corridors within this drainage excellent candidates for SHUs and SRRUs. 
Criteria for the establishment of SHUs and SRRUs includes viable and healthy aquatic habitat, 
populations of imperiled species, and the ability to restore and recover those imperiled species 
(Wynn et al. 2020). The Pascagoula River Drainage fulfills all of those criteria; therefore, it is 
crucial to identify and resolve potential issues threatening water quality and aquatic habitat. 
Protecting the hydrology and aquatic habitat from anthropogenic development such as the 
Pascagoula River Draught Resiliency Project (a dam proposal for Big and Little Cedar Creek; 
USACE 2017), is vital in conserving and improving endangered and declining species. Altered 
hydrology and habitat degradation from dams led to the extirpation of the Pearl Darter in the 
Pearl River Drainage and would likely cause similar outcomes in the Pascagoula (Clark et al. 
2018). Additionally, dam development in the Little Cedar Creek would degrade the only thermal 
refugia for Striped Bass in the Pascagoula River Drainage (Jackson et al. 2002). Maintaining 
hydrologic connectivity throughout the drainage is also important for Gulf Sturgeon which 
depend on access to the Bouie River for spawning. Since Ironcolor Shiner are only found within 
the Escatawpa River, reducing human shoreline development, enhancing riparian buffer zones, 
and research on the viability of reintroduction into other river systems within the drainage are 
recommended (Albanese and Slack 1998). Despite the pristine appearance, invasive aquatic 
plants such as Alternanthera philoxeroides (Alligator Weed) have been observed colonizing 
oxbow lakes within the Pascagoula River Drainage. Future monitoring of nutrient runoff from 
surrounding agricultural lands and its effects on the native biodiversity within the drainage is 
highly recommended. Saltwater intrusion from rising sea levels will likely cause a shift from 
freshwater to saltwater fish species in the drainage’s coastal wetlands, thus affecting habitat use 
and the present species interactions. Tracking the potential shift in species distributions is crucial 
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to understanding how fish diversity and their habitat use changes over time and could help 
prioritize wetland conservation upstream to promote declining freshwater species (Love et al. 
2008). Overall, conserving and restoring clean water and aquatic habitat in the Pascagoula River 
Drainage is crucial for all ecosystem services and will promote a high biodiversity and 
community use of the water bodies. 
Lastly, The Inland Fishes of Mississippi book was a major milestone for fish diversity 
and fisheries conservation in Mississippi and paved the way for future ichthyologists. However, 
this study demonstrates that the past 20 years of fish research in Mississippi yielded new records 
and potential changes in fish distributions which highlight the need for a book update. 
Additionally, with increasing introductions and abundance of nonnative species (Ricciardi 2007; 
Blanchet et al. 2010; Toussaint et al. 2016), citizen science may provide a useful tool (e.g., e–
bird by Cornell University) in keeping track of changing, contemporary fish assemblages and 
















Table 16       Museums with fish collections from the Pascagoula River Drainage, Mississippi 
Museum Location 
Alabama Museum of Natural History University of Alabama 
Auburn University Natural History Museum Auburn University  
Biodiversity Research and Teaching Collections Texas A&M University 
Burke Museum of Natural History and Culture University of Washington 
California Academy of Sciences San Francisco, CA 
Cornell University Museum of Vertebrates Cornell University 
Field Museum of Natural History Chicago, IL 
Florida Museum of Natural History University of Florida 
Illinois Natural History Survey University of Illinois 
Louisiana Museum of Natural History Baton Rouge, LA 
Mississippi Museum of Natural Science Jackson, MS 
Museum of Biological Diversity Ohio State University 
Museum of Comparative Zoology Harvard University 
Museum of Ichthyology University of Southern Mississippi 
Museum of Southwestern Biology University of New Mexico 
National Museum of Natural History Smithsonian Institution, DC 
Natural History Museum of Los Angeles County Los Angeles, CA 
North Carolina Museum of Natural Sciences Raleigh, NC 
Peabody Museum of Natural History Yale University 
Royal Ontario Museum Toronto, ON 
Texas Natural History Collections University of Texas at Austin 
The Academy of Natural Sciences Philadelphia, PA 
Tulane University Museum of Natural Tulane University 
University of Kansas Biodiversity Institute University of Kansas 
University of Louisiana at Monroe Fish Collection University of Louisiana at Monroe 
University of Michigan Museum of Zoology University of Michigan 
University of Nebraska State Museum University of Nebraska 
University of Tennessee University of Tennessee 















Table 17       Search terms for fishes in the Pascagoula River Drainage used in Google Scholar  
Search terms References 
"Mississippi" AND "fish 
diversity" 
 
"Pascagoula River Drainage" 
AND "fish diversity" 
 
"Pascagoula River Drainage" 
AND "fish" 
 
"Pascagoula River Drainage" 
AND "fish fauna" 
 
"Pascagoula River Drainage" 
AND "fauna" 
 
Pascagoula River Drainage 
AND "fish assemblages" 
 
"fish" AND "Pascagoula" 
 




Alford, J.B., D.M. O’Keefe, and D.C. Jackson. 2009. Effects of stocking adult 
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Bailey, R., and R. Suttkus. 1952. Notropis signipinnis, a new cyprinid fish from 
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Thesis. University of Southern Mississippi, Hattiesburg, MS. 96 pp. 
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fish Fundulus notti (Agassiz). 59:477–488. 
Dugo, M.A., B.R. Kreiser, S.T. Ross, W.T. Slack, R.J. Heise, and B.R. Bowen. 2004. 
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Sturgeon in the Pascagoula River, Mississippi. Journal of Applied Ichthyology 20:243–
251. 
Grammer, G.L., W.T. Slack, M.S. Peterson, and M.A. Dugo. 2012. Nile Tilapia 
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Ecology of Freshwater Fish 11:11–19. 
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Systematics and population genetics of the coldwater (Etheostoma ditrema) and 
watercress (Etheostoma nuchale) darters, with comments on the Gulf Darter (Etheostoma 
swaini) (Percidae: Subgenus Oligocephalus). Biochemical Systematics and Ecology 
33:455–478. 
O’Connell, M., S. Ross, J. Ewing III, and W. Slack. 1998. Distribution and habitat 
affinities of the Blackmouth Shiner (Notropis melanostomus) in Mississippi, including 
eight newly discovered localities in the upper Pascagoula River drainage. P. 3, In. 
Southeastern Fishes Council Proceedings. 
Peterson, M.S., G.L. Fulling, and C.M. Woodley. 2003. Status and habitat characteristics 
of the Saltmarsh Topminnow, Fundulus jenkinsi (Evermann) in eastern Mississippi and 
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References selected ranged from years 1937 to 2019. The article search was conducted from 
August 1st–27th, 2020. 19 references were selected and 114 species across a range of habitats 
and locations throughout the Pascagoula River Drainage were documented. 
 
94 
Table 18       Checklist of species documented in the Pascagoula River Drainage 











Polyodontidae Polyodon spathula Paddlefish 1,2 
 
Amiiformes Amiidae Amia calva Bowfin 1,2,3 
 
Anguilliformes Anguillidae Anguilla rostrata American Eel 1,2,3 
 Ophichthidae Myrophis punctatus Speckled Worm–Eel 2,3 
 
Atheriniformes Atherinopsidae Labidesthes sicculus Brook Silverside 1,2,3 
  Labidesthes vanhyningi Golden Silverside 1,2 
  Membras martinica Rough Silverside 2,3 


























Chasmodes bosquianus Striped Blenny 3  











  Caranx latus Horse–eye Jack 3 
  Chloroscombrus chrysurus Atlantic Bumper 3 
  Hemicaranx amblyrhynchus Bluntnose Jack 3 
  Oligoplites saurus Leatherjacket Fish 3 
  Selene vomer Lookdown 3 
  Trachinotus carolinus Florida Pompano 3 












































  Alosa chrysochloris Skipjack Herring 1,3 
  Anchoa mitchilli Bay Anchovy 1,3 
  Brevoortia patronus Gulf Menhaden 1,3 
  Dorosoma cepedianum Gizzard Shad 1,2 
  Dorosoma petenense Threadfin Shad 1,2,3 
  Harengula jaguana Scaled Sardine 3 
  Opisthonema oglinum Atlantic Thread Herring 3 
 Engraulidae Anchoa hepsetus Broad–Striped Anchovy 3 
 
 




Catostomidae Carpiodes cyprinus Quillback 1 
  Carpiodes velifer Highfin Carpsucker 1,2 
  Cycleptus meridionalis Southeastern Blue Sucker 1 
  Erimyzon oblongus Eastern Creek Chubsucker 1,2 
  Erimyzon sucetta Lake Chubsucker 1,2 
  Erimyzon tenuis Sharpfin Chubsucker 1,2 
  Hypentelium nigricans Northern Hogsucker 1,2 
  Ictiobus bubalus Smallmouth Buffalo 1,2 
  Ictiobus cyprinellus Bigmouth Buffalo 1 
 
95 
Table 18 continued 
Order Family Scientific name Common name  Habitat 
  Minytrema melanops Spotted Sucker 1,2 
  Moxostoma carinatum River Redhorse 1 
  Moxostoma erythrurum Golden Redhorse 2 
 
 
Moxostoma poecilurum Blacktail Redhorse 1,2 
 Cyprinidae Ctenopharyngodon idella Grass Carp 1 
  Cyprinella camura Bluntface Shiner 1,2 
  Cyprinella venusta Blacktail Shiner 1,2 
  Cyprinus carpio Common Carp 1,2 
  Ericymba amplamala Longjaw Minnow 1,2 
  Hybognathus hayi Cypress Minnow 1,2 
  Hybognathus nuchalis Mississippi Silvery Minnow 1,2 
  Hybopsis winchelli Clear Chub 1,2 
  Hypophthalmichthys nobilis Bighead Carp NA 
  Luxilus chrysocephalus Striped Shiner 2,3 
  Lythrurus roseipinnis Cherryfin Shiner 1,2 
  Macrhybopsis storeriana Silver Chub 1,2 
  Macrhybopsis tomellerii Gulf Chub 1 
  Nocomis leptocephalus Bluehead Chub 1,2 
  Notemigonus crysoleucas Golden Shiner 1,2 
  Notropis atherinoides Emerald Shiner 1,3 
  Notropis baileyi Rough Shiner 1,2 
  * Notropis chalybaeus Ironcolor Shiner 1,2 
  Notropis longirostris Longnose Shiner 1,2 
  Notropis maculatus Taillight Shiner 1,2 
  Notropis melanostomus Blackmouth Shiner 1,2 
  Notropis petersoni Coastal Shiner 1,3 
  Notropis texanus Weed Shiner 1,2 
  Notropis volucellus Mimic Shiner 1,2 
  Opsopoeodus emiliae Pugnose Minnow 1,2 
  Pimephales notatus Bluntnose Minnow 1,2 
  Pimephales promelas Fathead Minnow 1,2 
  Pimephales vigilax Bullhead Minnow 1,2 
  Pteronotropis signipinnis  Flagfin Shiner 1,2 
  Pteronotropis welaka  Bluenose Shiner 2 











 Fundulidae Adinia xenica Diamond Killifish 3 
  Fundulus blairae Western Starhead Topminnow 1,2 
  Fundulus chrysotus Golden Topminnow  1,2 
  Fundulus dispar Starhead Topminnow 2 
  Fundulus euryzonus Broadstripe Topminnow 2 
  Fundulus grandis Gulf Killifish 2,3 
  Fundulus jenkinsi Saltmarsh Topminnow 3 
  Fundulus majalis Striped Killifish 3 
  Fundulus notatus Blackstripe Topminnow 1,2 
  Fundulus nottii Southern Starhead Topminnow 1,2 
  Fundulus olivaceus Black Spotted Topminnow 1,2 
  Fundulus pulvereus Bayou Topminnow 2,3 
  Fundulus similis Longnose Killifish 3 
  Leptolucania ommata Pygmy Killifish 2 
  Lucania parva Rainwater Killifish 2,3 
 Poeciliidae Gambusia affinis Western Mosquito Fish 1,2,3 
  Gambusia holbrooki Eastern Mosquito Fish 2,3 













Table 18 continued 
Order Family Scientific name Common name  Habitat  










1,2   

































Eleotris amblyopsis Large–Scaled Spinycheek Sleeper 3 
 Gobiidae Evorthodus lyricus Lyre Goby 3 
  Gobioides broussonnetii Dragon Goby 2,3 
  Gobionellus oceanicus Highfin Goby 2,3 
  Gobiosoma bosc Naked Goby 1,3 
  Gobiosoma robustum Code Goby 3 
  Microgobius gulosus Clown Goby 3 
  Microgobius thalassinus Green Goby 3 
 Oxudercidae Ctenogobius boleosoma Darter Goby 3 
 
 























Lepisosteus oculatus Spotted Gar 1,2,3 
 
 











 Mugil cephalus Striped Mullet 1,3  





















  Centrarchus macropterus Flier 1,2 
  Enneacanthus gloriosus Bluespotted Sunfish 1,2 
  Lepomis cyanellus Green Sunfish 1,2 
  Lepomis gulosus Warmouth 1,2 
  Lepomis humilis Orangespotted Sunfish 1,2 
  Lepomis macrochirus Bluegill 1,2,3 
  Lepomis marginatus Dollar Sunfish 1,2 
  Lepomis megalotis Longear Sunfish 1,2 
  Lepomis microlophus Redear Sunfish 1,2,3 
  Lepomis miniatus Redspotted Sunfish 1,2,3 
  Lepomis symmetricus Bantam Sunfish 2 
  Micropterus punctulatus Spotted Bass 1,2,3 
  Micropterus salmoides Largemouth Bass 1,2,3 
  Pomoxis annularis White Crappie 1,2,3 
  Pomoxis nigromaculatus Black Crappie 1,2,3 
 Elassomatidae Elassoma zonatum Banded Pygmy Sunfish 1,2 
 Ephippidae Chaetodipterus faber Atlantic Spadefish 3 
 Gerreidae Eucinostomus argenteus Silver Mojarra 3 
  Eucinostomus gula Jenny Mojarra 3 
  Eucinostomus harengulus Tidewater Mojarra 1,3 
 Lutjanidae Lutjanus griseus Gray Snapper 3 
 Moronidae Morone mississippiensis Yellow Bass 1,2 
 
 
Morone saxatilis Striped Bass 1,2 
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Table 18 continued 
Order Family Scientific name Common name  Habitat 
 Percidae Ammocrypta beanii Naked Sand Darter 1,2 
  Ammocrypta vivax Scaly Sand Darter 1,2 
  * Crystallaria asprella Crystal Darter 1,2 
  Etheostoma artesiae Redspot Darter 1,2 
  Etheostoma chlorosomum Bluntnose Darter 1,2 
  Etheostoma fusiforme Swamp Darter 1,2 
  Etheostoma gracile Slough Darter 1,2 
  Etheostoma histrio Harlequin Darter 1,2 
  Etheostoma lynceum Brighteye Darter 1,2 
  Etheostoma nigrum Johnny Darter 1,2 
  Etheostoma parvipinne Goldstripe Darter 1,2 
  Etheostoma proeliare Cypress Darter 1,2 
  Etheostoma stigmaeum Speckled Darter 1,2 
  Etheostoma swaini Gulf Darter 1,2 
  +Percina aurora Pearl Darter 1,2 
  Percina lenticula Freckled Darter 1 
  Percina nigrofasciata Blackbanded Darter  1,2 
  Percina sciera Dusky Darter 1,2,3 
  Percina shumardi River Darter 1 
  Percina suttkusi Gulf Logperch 1,2 
  Percina vigil Saddleback Darter 1,2 
 Pomatomidae Pomatomus saltatrix Bluefish 3 
 Sciaenidae Aplodinotus grunniens Freshwater Drum 1 
  Bairdiella chrysoura Silver Perch 3 
  Cynoscion arenarius Sand Seatrout 3 
  Cynoscion nebulosus Spotted Seatrout 3 
  Leiostomus xanthurus Spot 2,3 
  Menticirrhus americanus Southern Kingfish 3 
  Menticirrhus littoralis Gulf Kingcroaker 3 
  Menticirrhus saxatilis Northern Kingfish 3 
  Micropogonias undulatus Atlantic Croaker 3 
  Pogonias cromis Black Drum 3 
  Sciaenops ocellatus Red Drum 3 
  Stellifer lanceolatus American Star Drum 3 
 Serranidae Diplectrum bivittatum Dwarf Sand Perch 3 
 Sparidae Archosargus probatocephalus Sheepshead 2,3 
 
 
Lagodon rhomboides Pinfish 3 




































Trinectes maculatus Hogchoker 1,2,3 
 Cynoglossidae Symphurus plagiusa Blackcheek Tonguefish 3 
 Paralichthyidae Citharichthys spilopterus Bay Whiff 3 
  Etropus crossotus Fringed Flounder 3 
  Paralichthys albigutta Gulf Flounder 3 
  Paralichthys lethostigma Southern Flounder 2,3 








Atlantic Spanish Mackerel 
 
3 
 Sphyraenidae Sphyraena barracuda Great Barracuda 3 
 
 
Sphyraena borealis Northern Sennet 3 
 Stromateidae Peprilus burti Gulf Butterfish 3 
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Table 18 continued 
Order Family Scientific name Common name  Habitat 
 
 























Bagre marinus Gafftopsail Catfish 3 
 Ictaluridae Ameirus nebulosus Brown Bullhead 2 
  Ameiurus melas Black Bullhead 1,2 
  Ameiurus natalis Yellow Bullhead 1,2 
  Ictalurus furcatus Blue Catfish 1,2,3 
  Ictalurus punctatus Channel Catfish 1,2 
  Noturus funebris Black Madtom 1,2 
  Noturus gyrinus Tadpole Madtom 1,2 
  Noturus leptacanthus Speckled Madtom 1,2 
  Noturus miurus Brindled Madtom 1 
  Noturus nocturnus Freckled Madtom 1,2 
  Noturus phaeus Brown Madtom 2 











  Syngnathus floridae Dusky Pipefish 3 
  Syngnathus louisianae Chain Pipefish 3 











 Monacanthidae Stephanolepis hispidus Planehead Filefish 3 











The list encompasses field sampling, a MDWFP database and a literature review. 244 species 
within 63 families and 33 orders. Numbers within the habitat column indicate habitat 
associations that species have been documented in. 1 = freshwater river/creek channel, 2 = 
bottomland hardwood forest floodplain, and 3 = tidal marsh. * indicates endangered species 











Fig. 32 Map of Pascagoula River Drainage including major river and tributaries with 
sampling locations 
Black lines indicate river and creek channels, gray shaded area shows drainage, green shaded  
areas indicate bottomland hardwood forests, and yellow areas indicate marsh habitat.  
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